
\nnals ol 

Januarj 1949 


— — — — ' : 

129 JANUARY, 1949 No I 

ANNALS 



SURGERY 

A MONTHLY REVIEW OF SURGICAL SCIENCE AND PRACTICE 
ALSO THE OFFICIAL PLTOLICATION OF THE AMERICAN SURGICAl 
ASSOCIATION. THE SOUTHERN SURGICAL ASSOCIATION, PHILA 
DELPHIA ACADEMY OF SURGERY. NEW YORK SURGICAL SOCIE^X 



EDITORIAL BOARD 


JOHN H GIBBON, JR , M D 
Chairman, Philadelphia, Pa 


E D CHURCHILL, MD 
Boston, Mass 

WARREN COLE, M P 
Chicago, III 

MICHAEL E DeBAKEY, M D 
Houston, Tex 

EVERETT I EVANS, MD 
Richmond, Va 
FRANK GLENN, MD 


HENRY N HARKINS, M D 
Seattle, Wash 

ROBERT M JANES MD 
Toronto, Canada 
JOHN S LOCKWOOD M D 
New York, N Y 
JONATHAN RHOADS. M D 
Philadelphia, Pa 
W r RIENHOEF JR, MD 
Baltimore Md 


New York, N Y 

NATHAN WOMACK, MD 
Iowa City, la 


!' 




ADVISORY BOARD 


BARNEY BROOKS, M D 
Nashville, Tenn 
EVARTSA GRAHAM MD 
St Louts, Mo 

SAMUEL C HARVEY, M D 
Netv Haven, Conn 
WALTER E LEE, MD 
Philadelphia, Pa 


ROY D MrCLURE, MD 
Detroit MiCh 
H C NAFEZIGER MD 
Sai. Francesco Calif 
D B PHEMISITR MD 
Chicat^o, III 
A O WHIPPLE M D 
Ncu York N 1 


J B LIPPINCOTT COMPAW, Pubhhers 

PHILADELPHIA MONTEEAL LOKDO?’. >’ 



Annals of Surgery 
Januarj l‘K9 



IHLeat'Sterilized and sealed in an iodine 
storing solution, the Iodized gives 
a double assurance of sterility. 
Our lo-Chrome tanning imparts 
an ideal resistance to absorption. 


This excellent non-iodized suture 
possesses a fortunate combination of 
pliability and strength. Like the 
Iodized, it is USP, and is prepared in 
the Plain and Chromic durations. 


Dulox Needles . . . swaged onto Catgut, 
Silk and Linen . . . are available in a 
wide variety of single and double 
combinations for all procedures 
in general and specialized surgery. 

Sterile and “ready for use” direct from 
our special tube-containers, Lukens 
Bonewax (Horsley’s method) is 
conveniently and safely applied, 
assisting in perfect hemostasis. 



^Iso BOILABLE SURGICAL GUT- 
LIGATING REELS • SILKS • LINENS 
AND SPECIALTIES. Samples on request. 

^meiual tk& ude ol line 

C. DeWlTT LIJKENS CO-, St. Louts, Mo. 

SINCE 1904 . MANUFACTURERS OF OUAIITY SUTURES EXCI.USI VEUY 


20 



JlGUiry 15 , j 









Ajinals of SurRorj 
lanuarv 104 'i 



Ultraviolet irradiation of plasma destroys not 
only all bacteria but also any viral contaminants 
that might cause homologous scrum hepatitis • 
You may therefore administer irradiated Lyovac 
plasma without danger of hepatitis • Stable, port- 
able Liovac Normal Human Plasma {Irradiated) 
IS prepared from fresh, citrated, human blood of 
healthy donors, according to regulations of the 
National Institute of Health The plasma is pooled, 
flash frozen, deh)dratcd from the frozen state under 


high lacuum (l)ophilc process) and Sf'ilrd umhr 
\acuum • Blood suh^litiitr of choice for rmi rgrinec, 
irradiated Liovac placma is quiclh rctnrid, 
needs no t)ping or crossmalrhinc, and rach mnt 
IS osmolically cqunalcnt to ti\o units t)f -v^liolr 
blood • L\0\ac Normal Human PJacma (Irrn/h 
ated) 15 supplied in \acuum bntllrs to jn Id ”>0 i r , 
250 cc and 500 cc of restored, irrndintid nnrrnl 
plasma, or smaller quantities of /n pt rfo’.jr p' mm 
S harp & Dohme, Philadclphn I, Pi 



CONTENTS 

JANUARY, 1949 


Annals of Surgery 
January 1949 


Vol 129 


No 1 


Response to Parenteral Glucose of Normal Kidneys 
and of Kidneys of Postoperative Patients 


Donald R Cooper, M D 
Vivian lob, Ph D 
Frederick A Coller, M D 
Ann Arbor, Mich 


Page 


1 


Appraisal of Oral Streptomycin as an Intestinal Anti- 
septic, with Observations on Rapid Development 
of Resistance of E Coh to Streptomycin 


The Importance of the Level of the Lesion m the 
Prognosis and Treatment of Carcinoma of the 
Rectum and Low Sigmoid Colon 


Malignant Tumors of the Colon and Rectum 

The Management of Massive Gastroduodenal 
Hemorrhage 

An Experimental Study of Antipenstaltic Jejunal 
Loops 


John S Lockwood, M D 
Alfred P Young, M D 
McLemore Bouchelle, M D 
Thomson R Bryant, Jr , M D 
Alfred J Stojowski, M D 
New York, N Y 


John M Waugh, M D 
John W Kirklin, M D 
Rochester, Minn 

R W Postlethwait, M D 
Winston-Salem, N C 

Frederick H Amendola, M D 
New York, N Y 

Herman E Pearse, M D 
Michael Radakovich, M D 
Charles L Cogbill, M D 

Rochester, N Y 


14 


22 

34 

47 


57 


ui thectomj in Peripheral Arteriosclerosis 

Tissue Reaction to Plastics Used m Surgery with 
Special Reference to Teflon 


Edward E Jemenn, M D 
New York, N Y 


Harry H LeVeen, M D 
J Roland Barberio, M D 

New York, N Y 


65 


74 


Experimental Pulmonary Collapse 


James L Southworth, M D 


Streptomycin in Surgical Infections Part VII — Non- 
pulmonary Tuberculosis (Lymph Nodes, Urinarj 
Tract, Bone, and Peritoneum) 


Baltimore, Md 


85 


Edwin J Pulaski, Maj , M C , A U S 
James F Connell, Jr , Lt , M C , A U S 
Adam Kowalczyk, Lt , M C , A U S 
Sam F Seeley, Col , M C , A U S 


Surgical Repair of Lacerations and Fistulas of the 
Parotid Duct 


Fort Sam Houston, Tex 

Hugh A Bailey, M D 
Victor Skaff, M D 

Charleston, W Va 


{Continued on page 4) 


90 


103 


Entcr^ as second class matter March 8 1892, at the Post Office at Philadelphia, Pa, under the Act of 

March 3, ^/9 vlS 00 per year United States Funds postpaid in the United States and Pan 

American Postal Union— PoreiRn postage $1 80 extra Canada $15 00 Copyright 1949 by J B Lippincott 
Company, 227 231 South Sixth Street, Philadelphia Printed in U S A 


The Akkaia or SuRcERy is simultaneously published in Buenos Aires by the Guillermo Kraft, Ltds , Recon 
quitta 319 327, Buenos Aires Argentina Subscriptions for the Spanish language edition ni$n60 00 (Argen 
fine funds) per vear, for dehien in the United States imII be accepted b> the J B Lippincott Company 


2 



Annals of Surceo 
lanuarj 1949 


Januiry 


U,MD 



The»e phofographt are from a new 
stripfilm on I V procedure, pre 
pared by Cutter for use in hospital 
training programs For a print, write 
Cutter Laboratories, Berkeley, Calif , 






v" \ 

t n 

_ 1 / \ 


f \ 


JO 






Sterile 

Pyrogen-free 

Ready-to-iise 


I iic,*”® «' 


j4? by •' 

1, I*','? 

■rL>° 


3 simple steps 
prepare Saftiflask 
for use 


STEP T Remove outer Snfti 
seal by stripping scored tab 


STEP2 Remove vacuum sealed 
rubber liner from stopper In 
rush of air denotes perfect 


STEP 3 Insert connecting tube 
of Expendable 1 V Set into 
outlet hole of Saftiflask stojv 


-#r 








* ' ^ 


1 h 



Cutter Expencfabfo fntravenous Sols conir 
assembled foi immedhito iis-e SinipK 
lemove piolective covennp, aU.Kh a 
stei lie needle, and Nou’rc all set foi s ife 
simple^ time -savin" administj it ion 
Team tins stieamlincd di'-jio- ib]« 
set witli stciile, p>rop( n fi» < ( afu i 
Solutions in Saftifla‘-1 s-and %<ju h ' < 
the ideal combination foi I V ' -n 

Culler laborolofies • Er rtdr y W, Crfi'zn a 








CONTENTS— Cojinniied 


Annals of Surger> 
Januarj 


'\cute Dnerticulitis of the Cccunr 

The Use of Full Thickness Skin Grafts in the Repan 
of Large Herniae 

Cirsoid Aneurysm of the Scalp Report of a Case 

Primary Splenic Neutropenia A Specific Indication 
for Splenectomy 

Unusual Metastatic Manifestations of Bi east Carcinoma 

Bridging of Esophageal Defect by Pedicled Flap of 
Lung Tissue 


Rupture of a Subphrenic Abscess into the Peiicardium 

Intraparotid Sebaceous Glands 

Certain Anatomic Factors Related to the Pathogenesis 
of Hemorrhoids 


Page 


Frank C Henry, M D 
St Louis, Ivio 109 

Rtchard J Chodoff, M D 
Philadelphia, Pa 119 

Orville F Grimes, M D 

Norman E Freeman, M D 
San Francisco, Calif 123 

Louis T Palumbo, M D 
Des Moines, la 131 

Julian B Herrmann, M D 

Frank E Adair, M D 
New York, N Y 137 

Rudolph Nissen, M D 
New York, N Y 142 

Norman Christian Meyer, M D 
Brooklyn, N Y 148 

C Marshall Lee, Jr , M D 
Asheville, N C 152 

Harry J Fournier, M D 
Chicago, 111 156 



so Years of Service to the Profession 


BARTON 
SKULL TRACTOR 


I No 405 
Complete 
•with two 
sets of 
drills and 
wrench 

§55.00 


Stainless Steel 

Two arms articulated so they can be opened 
and closed by means of a turnbuckle Drills 
are of different length, adaptable to both 
children and adults 

a 

Your Professional Card will bring you a 
DePuy Fracture Catalog 

DePUY MFG. CO. 

WARSAW, IND. AS 1-19 





I X iHL FiULNDLy L.NiK\xcL to the Oiaduatc Ho^}i^tai oi the 
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RESPONSE TO PARENTERAL GLUCOSE OF NORMAL KIDNEYS 
AND OF KIDNEYS OF POSTOPEIUTIVE PATJENTSM 

Donald R Cooper, M D , Vivian Iob, Pn D , 

AND 

Frederick A Coller, M D 

FROM THC DEPARTMnNT OF SURGFR^, LM\rRSn\ OF MICIIICAS MFOICM SCIIOOl, 

ANN ARBOR MICHIGAN 

The inadvisability or ineliciing hlav\ lo\ds of sodium chloride 
upon the early postoperative patient has been pointed out in prexioiis reports - 
Those studies were based upon data derived fiom patients iinder^oinp; com- 
bined abdominoperineal resection of the rectum, who were gneii infusions of 
various salt solutions A definite \ariation fiom the normal handling of the 
infused salt loads w'as demonstrated for these patients It is the juirjirjsc of this 
report to present similar studies using infusions of 5 per cent glucose, in .111 
effort to further clarify the problems connected w ith the proper In dration of the 
early postoperative patient 

Data aie presented of the urinar} response to small posiii\( lo.ids oj 
pai enteral 5 per cent glucose, i to i 5 per cent of bod\ weight m normal 
men and in patients following operations of ^ar\mg magnitude Infusiftii 
studies were carried out in three health} }oimg men, foui patients uiidergoiiig 
herniorihaphy and five patients undergoing combined abdommopermeal 
resection for carcinoma of the rectum Rales of excretion ol sodium chlfiruh 
potassium and water, and ^eloclty constants of water were calciilattd for each 
of the three groups of subjects 

PLVN or STUDY AND PROCEULRL 

The nine patients and three contiol subjects were uii'-elected IIowc\t', 
they presented no evidence of gross cardio\ascular and Kiduc\ diseue 'J ht 
patients undergoing combined abdommopcimeal re'-c'ctinn were jirejianri 1.,, 
operation by sulfasuNidme, and a high protein high carbolndnte. ho', itsifui' 
diet They were transfused before operation when nccessm to bring *.h( 
hemoglobin to 14 Cm per cent The pre.ancstlutic nudicition w'-s niorp’''U’f 
111 combination with a barbiturate The ojicrations, with a su'gh t'ajf' 1 
were performed under spinal anesthesia, using nuiiercainc (»r cftatnuu u fu<- 
came Ethei was emplo\cd m one instance 

* Submitted for puldicntioii lum. iQ',S 

t Tins work was aukd 1)\ i pram <if tlu h.lin Hir, i'- s,,;, l . 

Surgical Research 
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All fluid was administered by the intravenous route, m volumes of 750 ml 
at the rate of 6ml /min every six hours for four or five periods The three 
controls received the infusions at the same rate and at the same clock times 
as the patients No anesthesia was given in the case of the controls The 
methods and procedures followed were those outlined in detail in the earlier 
paper ^ * 

RESULTS 

A representative subject from each group, that is, one control, one from 
the herniorrhaphy group, and one of the combined resections was chosen for 
the presentation and comparison of complete data in Tables I and II For 
convenience these groups in the above order will be referred to hereafter as 
Groups I, II and III 

Table I — Blood and Setnm Changes m Parenfeial 5 Per Cent Glucose 


Whole Blood Serum 


Subiect 

Specific 

Gravity 

Hemo- 
globin 
Gm % 

Hema 
tocnt 
Vol % 

Specific 

Gravity 

Protein 
Gm % 

CO’ 

mM/L 

Na 

mM/L 

Cl 

mM/L 

To — Male control age 22 

(1) 1 

0578 

IS 7 

45 3 

1 0256 

6 21 

25 2 

138 9 

104 3 

yrs , 70 8 kg 3000 ml 
S% glucose in 24 hours 

(2) 1 

0581 

16 6 

53 0 

1 0265 

6 52 

25 8 

139 1 

98 5 

Hu — Female herniorrhaphy 

(1) 1 

0531 

14 1 

45 0 

1 0221 

5 00 

26 8 

138 0 

105 3 

age 41 yrs, VOS kg 3750 
ml S% glucose in 30 hours (2) 1 

0551 

14 2 

48 6 

1 0243 

5 76 

26 6 

134 8 

101 0 

Bi — Female combined ab- 
dominal-perineal resection 

(1) 1 

0524 

13 0 

41 5 

1 0257 

6 24 

25 8 

134 9 

102 8 

age 69 yrs 49 6 kg 3750 
ml 5% glucose iti 30 hours 

(2) 1 

0506 

12 5 

42 4 

1 0240 

5 66 

25 4 

123 0 

94 0 


(1) Before infusion and/or operation 

(2) At end of infusion period 


The whole blood and serum changes for these representative subjects are 
shown in Table I in which the preoperative and post-infusion findings are 
compared It is interesting to note that in the control subject each post- 
infusion determination with the exception of the serum chloride revealed eithei 
an increased concentration of the constituent being measured, or, as in the 
case of the specific gravity, an indication of increased density of the entire 
blood sample Although these changes are minimal they serve to indicate a 

* Urmes collected during each six-hour period were preserved by addition of i ml 
of 12 8 per cent Zephiran and kept in the refrigerator They were analyzed for pH, Na, 
K, NHs, PO4, SO4, titratable acidity to pH 74, Cl, total nitrogen, urea nitrogen and 
creatinine In one patient urinary calcium® and magnesium^ were also determined Losses 
of both elements were exceedingly small, amounting to approximately i milliequivalent 
per 24 hours 

Two blood samples, one under oil and one with heparin, were withdrawn before 
operation and at the end of the infusion period Hemoglobin, volume of red cells, and 
whole blood specihc gravity were determined in the heparinized samples , CO2, Na, Cl 
and serum proteins in the serum 
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general tendency, in that tliey aie unifounly in the same direction They are 
perhaps more indicative when compaied to the subject from Group III Here 
all the changes are m the opposite direction with the exception of the 
hematocnt, which shows little change The figures for the patient undergoing 
heinioiiliaphy seem to fall midway between Gioups I and III It thus appears 
that theie IS a tendency toward hemoconcentration in Group I and hemodilution 
in Group III with Group II showing little change 

The detailed urinary findings on these same three individuals are pre- 
sented in Table II The findings in the control subject appear to be typical 


Tabil II — C 0)11 /’ostt wit of Unite, mEq Pei Lttei 


Specific Tit Creati- 

Vol Grav K Na NHj Cl SOi PO* Acid Tot N Urea N nine 

Period ml pH it> mCq mEq mEq mEq mEq mEq mEq Gm/L Gm/L Gm,L 


Control To Male — weiglit loss 1 50 kg 


Urine in bladder 

5 95 

1 

009 

48 0 

91 0 

24 

7 

90 

3 

41 

3 

28 

5 

22 

6 

10 

407 

9 

301 

1 

250 

0-6th hr 

938 

6 09 

1 

006 

29 1 

44 2 

9 

3 

59 

4 

10 

2 

9 

7 

8 

6 

4 

538 

3 

994 

0 

600 

6- 12th hr 

1120 

6 58 

1 

005 

8 8 

37 4 

6 

5 

34 

8 

6 

3 

6 

9 

3 

4 

2 

519 

2 

100 

0 388 

12-18th hr 

590 

5 95 

1 

004 

18 9 

10 7 

11 

6 

IS 

5 

6 

2 

10 

7 

12 

4 

4 

180 

3 

484 

0 

750 

18-24th hr 

500 

6 03 

1 

003 

18 9 

4 4 

12 

4 

6 

3 

5 

5 

11 

6 

13 

2 

4 

123 

3 

416 

0 

913 

Patient Hu 

Temale 

herniorrhaphy- 

—weight loss 

1 25 kg 














12° prcop 

1315 

6 61 

1 

009 

44 9 

109 8 

11 

1 

99 

5 

25 

4 

19 

5 

14 

1 

5 

714 

4 

997 

0 

739 

0-6th hr 

530 

7 02 

1 

004 

31 3 

47 9 

6 

8 

49 

0 

7 

1 

14 

2 

6 

0 

2 

969 

2 

454 

0 

491 

6-1 2th hr 

299 

7 37 

1 

004 

36 2 

63 5 

7 

9 

45 

8 

11 

4 

IS 

8 

5 

0 

3 

697 

3 

409 

0 

729 

12- 18th hr 

415 

5 52 

1 

005 

32 4 

11 1 

19 

S 

14 

0 

12 

9 

26 

6 

54 

1 

4 

090 

3 

515 

0 

845 

18-24th hr 

840 

S 93 

1 

002 

13 7 

6 5 

8 

1 

12 

3 

6 

2 

7 

5 

17 

5 

2 

885 

2 

658 

0 

420 

24-3Qth hr 

1145 

6 38 

1 

001 

9 0 

8 9 

1 

s 

8 

1 

3 

3 

6 

1 

9 

2 

1 

849 

1 

554 

0 

289 

Patient Bi 

Temale i 

combined abdominoperineal resection 














12° preop 

800 

5 52 

1 

007 

33 0 

97 4 

9 

4 

140 

8 

24 

1 





5 

502 

4 

261 

0 

547 

0-6th hr 

100 

5 35 

1 

016 

96 1 

56 8 

17 

1 

114 

3 

23 

2 

38 

7 

24 

9 

5 

836 

3 

947 

0 

982 

6-12th hr 

140 

5 28 

1 

020 

79 9 

11 8 

11 

7 

38 

0 

28 

8 

42 

9 



7 

170 

5 

786 

1 

061 

12- 18th hr 

65 

5 48 

1 

019 

73 4 

0 7 

54 

4 

24 

5 

42 

7 

80 

1 



13 

423 

10 

465 

2 

722 

18-24th hr 

380 

6 05 

1 

002 

11 3 

0 8 

12 

0 

8 

4 

7 

2 

19 

0 

IS 

4 

3 

974 

3 

401 

0 

579 

2 4-3 0th hr 

542 

6 10 

1 

001 

7 2 

1 2 

10 

9 

6 

5 

3 

9 

9 

4 

23 

2 

2 

334 

1 

805 

0 347 


of the expected water diuresis m a normal adult The urine volume is exces- 
sive for the first two periods following which it rapidly diminishes as the 
water is conserved by the kidneys Excretion of sodium and chloride is also 
relatively large in the first two periods, but apparently those ions are also 
conserved in the last 12 hours since their concentrations are diminished in 
spite of the much smallei urinary volume It is further noted that the specific 
gravity of the urine continues to fall in spite of the decrease in urine volume 
The 24-hour urine volume for this subject exceeded by 148 ml the total 
infusion and he lost 1 S weight 

Patients Hu and Bi are found to differ to a considerable extent from the 
control The former experienced no diuresis until the fourth period and her 
largest output was found in the fifth period Throughout the five periods, 
however, her urine volume totaled only 521 ml less than the volume of the 
infused solution She lost i 25 kg in body w^eight Patient Bi could never be 

3 




COOPER, lOB AND COLDER 


Annals of Surg-o 
January 1940 


All fluid was administered by the intravenous route, m volumes of 750 ml 
at the rate of 6ml /min every six hours for four or five periods The three 
controls received the infusions at the same rate and at the same clock times 
as the patients No anesthesia was given in the case of the controls The 
methods and procedures followed were those outlined in detail in the earliei 
paper ^ * 

RESULTS 

A representative subject from each group, that is, one control, one from 
the herniorrhaphy group, and one of the combined resections was chosen for 
the presentation and comparison of complete data in Tables I and II For 
convenience these groups in the above order will be referred to hereafter as 
Groups I, II and III 

Table I — Blood and Seium Changes tn Patenfeial 5 Per Cent Glucose 


Whole Blood Serum 



Hemo- 

Hema- 



Specific 

globiti 

tocrit Specific Protein CO' 

Na 

Cl 


Subject 

Gravity 

Gm % 

Vol % 

Gravity 

Gm % 

mM/L 

mM/L 

mM/L 

To — Male control age 22 

(1) 1 

0578 

IS 7 

45 3 

1 0256 

6 21 

25 2 

138 9 

104 3 

yrs 70 8 kg 3000 ml 
5% glucose in 24 hours 

(2) 1 

0581 

16 6 

53 0 

1 0265 

6 52 

25 8 

139 1 

98 5 

Hu — Female herniorrhaphy 

(1) 1 

0531 

14 1 

45 0 

1 0221 

5 00 

26 8 

138 0 

105 3 

age 41 yrs 70 5 kg 3750 










ml 5 % glucose in 30 hours (2) 1 

0551 

14 2 

48 6 

1 0243 

5 76 

26 6 

134 8 

101 0 

Bi — Female combined ab 










dommal perineal resection 

(1) 1 

0524 

13 0 

41 5 

1 0257 

6 24 

25 8 

134 9 

102 8 

age 69 yrs 49 6 kg 3750 
ml 5% glucose ih 30 hours 

(2) 1 

0506 

12 5 

42 4 

1 0240 

5 66 

25 4 

123 0 

94 0 


Cl) Before infusion and/or operation 
(2) At end of infusion period 


The whole blood and serum changes for these representative subjects are 
shown in Table I m which the preoperative and post-infusion findings are 
compared It is interesting to note that in the control subject each post- 
infusion determination with the exception of the serum chloride revealed eithei 
an increased concentration of the constituent being measured, or, as in the 
case of the specific gravity, an indication of increased density of the entire 
blood sample Although these changes are minimal they serve to indicate a 

* Urines collected during each six-hour period were preserved by addition of i ml 
of 12 8 per cent Zephiran and kept in the refrigerator They were analyzed for pH, Na, 
K, NHs, PO4, SO4, titratable acidity to pH 7 4, Cl, total nitrogen, urea nitrogen and 
creatinine In one patient urinary calcium® and magnesium* were also determined Losses 
of both elements were exceedingly small, amounting to approximately i milliequivalent 
per 24 hours 

Two blood samples, one under oil and one with heparin, were withdrawn before 
operation and at the end of the infusion period Hemoglobin, volume of red cells, and 
whole blood specihc graMty were determined m the heparinized samples, CO2, Na, Cl 
and serum proteins in the serum 
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general tendency, in that tliey aie nnifonnly in tlie same dnection They aie 
perhaps more indicatn^e when compaied to the subject from Group III Here 
all the changes aie m the opposite dnection wuth the exception of the 
hematoci it, wdiich show^s little change The figures for the patient undergoing 
heinioiihaphy seem to fall midway betw'een Gioups 1 and III It thus appears 
that there is a tendency tow'ard hemoconcenti ation in Group I and hemodilution 
in Group III with Gioup II showing little change 

The detailed urinaiy findings on these same three individuals are pre- 
sented in Table 11 The findings in the control subject appear to be typical 


T MILE II — Coiitpo^tftflit of Urwc, iiiEq Pci Ltfci 


Specific Tit Creati- 

Vol Gra\- K Na NH3 Cl SOi POi Acid Tot N Urea N nine 

Period ml pH it> tnCq mCq mCq mEq mCq mCq mEq Gm/L Gm/L Gm L 

Control To Male — weight loss 1 50 Eg 


Urine in bladder 

5 95 

1 

009 

48 0 

91 0 

24 

7 

90 

3 

41 

3 

28 

5 

22 

6 

10 

407 

9 

301 

1 

250 

0-6th hr 

938 

6 09 

1 

006 

29 1 

44 2 

9 

3 

59 

4 

10 

2 

9 

7 

8 

6 

4 

538 

3 

994 

0 

600 

6-1 2th hr 

1120 

6 58 

1 

005 

8 8 

37 4 

6 

5 

34 

8 

6 

3 

6 

9 

3 

4 

2 

519 

2 

100 

0 

388 

12-lSth hr 

590 

5 95 

1 

004 

18 9 

10 7 

11 

6 

15 

5 

6 

2 

10 

7 

12 

4 

4 

180 

3 

484 

0 

750 

18-2 4th hr 

500 

6 03 

1 

003 

18 9 

4 4 

12 

4 

6 

3 

5 

5 

11 

6 

13 

2 

4 

123 

3 

416 

0 

913 

Patient Hu 

rem-ile herniorrhaph>- 

—weight loss 

1 25 kg 














12° preop 

1315 

6 61 

1 

009 

44 9 

109 8 

11 

1 

99 

5 

25 

4 

19 

5 

14 

1 

5 

714 

4 

997 

0 

739 

0-6th hr 

530 

7 02 

1 

004 

31 3 

17 9 

6 

8 

49 

0 

7 

1 

14 

2 

6 

0 

2 

969 

2 

454 

0 

491 

6-1 2th hr 

299 

7 37 

1 

004 

36 2 

63 5 

7 

9 

45 

8 

11 

4 

15 

8 

5 

0 

3 

697 

3 

409 

0 

729 

12-I8th hr 

415 

5 52 

1 

005 

32 4 

11 1 

19 

5 

14 

0 

12 

9 

26 

6 

54 

1 

4 

090 

3 

515 

0 

845 

18-24th hr 

840 

5 93 

1 

002 

13 7 

6 5 

8 

1 

12 

3 

6 

2 

7 

5 

17 

5 

2 

885 

2 

658 

0 

420 

24-30th hr 

1145 

6 38 

1 

001 

9 0 

8 9 


5 

8 

1 

3 

3 

6 

1 

9 

2 

1 

849 

1 

554 

0 

289 

Patient Bi 

I'emale combined abdominoperineal resection 














12° preop 

800 

5 52 

1 

007 

33 0 

97 4 

9 

4 

140 

8 

24 

1 





5 

502 

4 

261 

0 

547 

O-eth hr 

100 

5 35 

1 

016 

96 1 

56 8 

17 

1 

114 

3 

23 

2 

38 

7 

24 

9 

5 

836 

3 

947 

0 

982 

6-12th hr 

140 

5 28 

1 

020 

79 9 

11 8 

11 

7 

38 

0 

28 

8 

42 

9 



7 

170 

5 

786 

1 

061 

12-18th hr 

65 

5 48 

1 

019 

73 4 

0 7 

54 

4 

24 

5 

42 

7 

80 

1 



13 

423 

10 

465 

2 

722 

18-24th hr 

380 

6 05 

1 

002 

11 3 

0 8 

12 

0 

8 

4 

7 

2 

19 

0 

15 

4 

3 

974 

3 

401 

0 

579 

24-30th hr 

542 

6 10 

1 

001 

7 2 

1 2 

10 

9 

6 

5 

3 

9 

9 

4 

23 

2 

2 

334 

1 

805 

0 

347 


of the expected water diuresis in a normal adult The urine volume is exces- 
sive for the first tw^o periods following wdiich it rapidly diminishes as the 
water is conserved by the kidneys Excretion of sodium and chloride is also 
relatively large in the first two periods, but apparently those ions are also 
conserved in the last 12 hours since their concentrations are diminished in 
spite of the much smallei urinary volume It is further noted that the specific 
gravity of the urine continues to fall in spite of the decrease in urine volume 
The 24-hour urine volume for this subject exceeded by 148 ml the total 
infusion and he lost i 5 kg in weight 

Patients Hu and Bi are found to differ to a considerable extent from the 
control The former experienced no diuresis until the fourth period and her 
largest output was found in the fifth period Throughout the five periods, 
however, her urine volume totaled only 521 ml less than the volume of the 
infused solution She lost i 25 kg in body weight Patient Bi could never be 
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said to have experienced any diuresis, the largest urine volume being only 42 
ml in excess of the smallest volume excreted by the control This patient was 
oliguric throughout the first three periods studied, and her total urine volume 
for the study was 2523 ml less than the volume of fluid infused 

The concentration of the sodium and chloride 10ns in the urine of patients 
Hu and Bi approximated closely those found for the controls The actual 
output, however, of these 10ns, as well as the other urinary constituents in the 
table, expressed either in total quantity or in excretion rates per hour, varied 
greatly from the control as will be found in succeeding tables 

An interesting finding for patient Bi is the slight increase in the specific 
gravity of the urine during the periods of oliguria These determinations of 
specific gravity for Bi were representative of this group of patients as well as of 
other similar groups studied (see Tables VI and VII) There were how- 


Table III — Parenteral 5 Per Cent Glucose Cumulative Data JVaiei Potassium and 

Salt, Controls 


Water Serum 

Unne Composition Urine Excretion Rate Load* 1/At Composition 


Controls 

Period 

hr 

Water 

ml 

Potas 

Slum 

mM 

Sodi 

um 

mM 

Chlo 

nde 

mM 

Water 

ml/hr 

Potas- So Chlo- 
sium dium ride 
mM mM mM 
/hr /hr /hr 

ml 

hr 

Sodi- 

um 

mM 

/ml 

Chlo- 

ride 

mM 

/ml 

Th Male 

0-6th 

1408 

28 

5 

S3 

1 

46 

1 

234 

7 

4 

8 

8 

9 

7 

7 

- 923 -0 

250 

0 141 

0 095 

Age 26 yrs 

6-12th 

2148 

34 

9 

92 

5 

74 

7 

123 

3 

1 

1 

6 

6 

4 

8 

-1191 -0 

104 



Wt loss 

12-18th 

2808 

39 

5 

105 

4 

84 

9 

110 

0 

0 

8 

2 

2 

1 

7 

-1384 -0 

080 



1 76lvg 

18-2 4th 

3528 

45 

7 

no 

6 

95 

6 

120 

0 

1 

0 

0 

9 

1 

8 

-1637 -0 

073 

0 139 

0 098 

To Male 

&-6th 

938 

27 

3 

41 

5 

55 

7 

157 

6 

4 

6 

6 

9 

9 

3 

- 385 -0 

409 

0 139 

0 104 

Age 22 yrs 

6-12th 

2058 

37 

2 

83 

4 

94 

7 

186 

7 

1 

7 

7 

0 

6 

5 

- 976 -0 

191 



Wt Loss 

12- 18 th 

2648 

48 

3 

89 

7 

103 

9 

98 

3 

1 

9 

1 

1 

1 

5 

-1043 -0 

094 



1 5 kg 

18-24th 

3148 

57 

7 

91 

9 

107 

1 

83 

3 

1 

6 

0 

4 

0 

5 

-1028 -0 

081 

0 139 

0 099 

Ta Male 

0-6th 

610 

19 

7 

25 

0 

39 

1 

101 

7 

3 

3 

4 

2 

6 

5 

- 88 -1 

155 

0 138 

0 101 

Age 24 vrs 

6-12th 

1406 

27 

0 

59 

6 

70 

8 

132 

7 

1 

2 

5 

8 

5 

3 

- 397 -0 

334 



Wt Loss 

12-18th 

1891 

34 

8 

69 

2 

83 

1 

80 

8 

1 

3 

1 

6 

2 

1 

- 370 -0 

218 



0 59 kg 

18-24th 

2359 

40 4 

73 

5 

90 

7 

78 

0 

0 

9 

0 

7 

1 

3 

- 346 -0 

225 

0 139 

0 098 


* Water load corrected for insensible loss and oxidative gain estimated from glucose infused and urinary 
nitrogen 


ever, two patients (He and Sch, Table V) whose urinary specific gravit> 
findings varied distinctly from the majority These two patients revealed 
urinary specific gravities ranging between i 028 and i 035 throughout the 
entire study and the possibility of pre-existing and/or continuing dehydration 
was considered In other data to be presented (Table V) further variations 
in the urinary excretion of these two patients are noted as compared to the 
other patients in Group III It is of some interest that He and Sch are com- 
paratively young men in contrast to the three elderly women who underwent 
similar operative procedures 

The individual cumulative data of urinary composition and the excretory 
rates for water, potassium, sodium and chloride for all subjects are contained 
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in Tables III, IV and V The calculated water load was coirected for insen- 
sible loss, oxidative gam from glucose combusted and water freed from 
destro^ ed tissue " 


Tahle IV — Pmcniaal 5 Per Cent Glucose CuntuJativc Data IVafer, Potassium and 

Salt, Hcnnon Ital’hy 


Water Serum 




Urine 

Composition 


Urine 

excretion Rate 

Load'*’ 

1/At 

Composition 












Potas 

So 

Chlo 




Sodi- 

Chlo- 




Potn 


Sodi 

[ 

Chlo 



Slum 

dium 

ride 





um 

ride 


Period 

WWter 

Slum 

um 


ride 

Water 

mM 

mM 

mM 



-1 

mM 

mM 

Patient 

nr 

ml 

mM 

inM 

mM 

ml/hr 

/hr 

/lir 

/hr 

ml 

hr 

/ml 

/ml 

Do Male 

0-6th 

192 

7 

3 

26 

4 

23 

3 

32 

0 

1 

2 

4 

4 

3 

9 

217 

0 

148 

0 

134 

0 100 

\ge 46 jrs 

6- 12th 

446 

22 

4 

62 

7 

56 

2 

42 

3 

2 

5 

6 

I 

5 

5 

449 

0 

094 




77 3 kg 

I 2- 18th 

984 

41 

7 

102 

0 

101 

1 

89 

7 

3 

2 

6 

6 

7 

5 

419 

0 

214 





18-24th 

1904 

54 

1 

130 

8 

133 

7 

154 

0 

2 

1 

4 

8 

5 

4 

- 18 

-9 

111 





24-30lh 

2706 

67 

5 

159 

1 

164 

5 

133 

7 

2 

2 

4 

1 

5 

1 

-337 

-0 

397 

0 

135 

0 095 

Ho Male 

u-oth 

229 

21 

2 

43 

8 

54 

0 

49 

5 

3 

5 

7 

3 

9 

0 

297 

0 

167 

0 

140 

0 106 

Age 54 j rs 

6-12th 

504 

31 

3 

84 

8 

97 

4 

45 

8 

1 

7 

6 

8 

7 

2 

526 

0 

087 




70 kg 

12-18th 

909 

48 

0 

120 

5 

142 

2 

67 

5 

2 

8 

6 

0 

7 

5 

634 

0 

107 




Wt Loss 

18-24th 

1152 

62 

s 

133 

1 

166 

4 

40 

5 

2 

4 

2 

I 

4 

0 

892 

0 

045 




1 6kc 

24-3nth 

1787 

69 

8 

144 

S 

183 

8 

105 

8 

I 

2 

1 

2 

2 

9 

746 

0 

142 

0 

135 

0 101 

Hj Male 

U-Oth 

168 

11 

1 

12 

9 

22 

2 

28 

0 

1 

9 

2 

2 

3 

7 

396 

0 

071 

0 

136 

0 100 

Age 63 > rs 

6-12th 

286 

20 

1 

21 

9 

36 

9 

19 

7 

1 

5 

1 

5 

2 

5 

831 

0 

024 




56 kg 

12- 18th 

866 

32 

6 

34 

6 

57 

6 

96 

7 

2 

1 

2 

1 

3 

S 

828 

0 

117 





18-24th 

2181 

40 

7 

49 

1 

78 

5 

219 

2 

1 

4 

2 

4 

3 

5 

81 

2 

706 





24-30th 

3145 

47 

9 

60 

3 

93 

9 

160 

7 

1 

2 

1 

9 

2 

6 

-191 

-0 

841 

0 

131 

0 095 

Hu I'emale 

0-6tll 

530 

16 

9 

25 

4 

25 

5 

88 

3 

2 

8 

4 

2 

4 

3 

- 39 

-2 

260 

0 

138 

0 105 

Age 4 1 j rs 

6- 12th 

829 

27 

7 

44 

4 

39 

2 

49 

8 

1 

8 

3 

2 

2 

3 

145 

0 

343 




70 5 kg 

12-lSth 

1244 

41 

2 

49 

0 

45 

0 

69 

2 

2 

3 

0 

8 

1 

0 

224 

0 

309 




Wt Loss 

18-2 4th 

2064 

52 

7 

54 

4 

55 

3 

140 

0 

1 

9 

0 

9 

1 

7 

-110 

-1 

273 




1 3 kg 

24-30tli 

3209 

63 

1 

64 

6 

64 

6 

190 

8 

1 

7 

1 

7 

1 

6 

-775 

-0 

253 

0 

136 

0 101 


* Water load corrected for insensible lo=s and o\idati\e gam estimated from infused glucose and urinary 
nitrogen 


The concentrations of sodium and chloride in the serum, before and at the 
conclusion of the infusion periods, are included in these tables to emphasize 
once again the variation m the three groups A tendency toward equal pre- 
and post-infusion levels is found in Group I There is a definite trend, how- 
ever in Group III toward a decreased concentration of these ions in the 
post-infusion samples 


“ The water freed by tissue destruction was estimated from urinary nitrogen by use 
of the factor 6 25, the water gained equalling o 27 liters per 100 Gm protein ^ Insensible 
loss was estimated as o 07 per cent of body weight per hour ® Thus the total ivater load 
equalled the infused fluid, plus water freed by combustion of glucose and destruction of 
tissue, minus urinary water and insensible loss 

The velocity constants for water excretion are also included in these tables These 
are calculated (after the method of WolF) by dividing the average rate of excretion 
durme the six-hour period by the load at the end of the period 

5 






COOPER, lOB AND COLDER 


Annals of SutBerj 
January 1949 


Table V — Parenteral 5 Per Cent Glucose Cumulative Data Water, Potassium and 
Salt, Combined Abdominopenneal Resections 


Water Serum 




Urine Composition 

Urine 

Excretion Rate 

Load* 

1/At 

Composition 







Potas- 

So 

Chlo 



Sodi 

Chlo 




Potas 

Sodi 

Chlo 


Slum 

dium ride 



um 

ride 


Period 

Water 

Slum 

um 

ride 

Water 

mM 

mM 

mM 


-1 

mM 

mM 

Batient 

hr 

ml 

mM 

mM 

mM 

ml /hr 

/hr 

/hr 

/hr 

ml 

hr 

/ml 

/ml 

He Male 

0-6 th 

so 

5 9 

4 7 

6 0 

8 3 

1 0 

0 8 

1 0 

426 

0 020 

0 136 

0 102 

Age 23 yrs 

6-12th 

133 

19 2 

8 8 

IS 1 

13 8 

2 2 

0 7 

1 5 

823 

0 017 



70 kg 

12-18th 

293 

51 5 

15 1 

29 8 

26 7 

5 4 

1 1 

2 5 

1165 

0 023 




18-24th 

S63 

87 5 

29 8 

48 1 

45 0 

6 0 

2 5 

3 1 

1424 

0 032 




24-30th 

877 

123 2 

57 2 

67 1 

52 3 

6 0 

4 6 

3 2 

1650 

0 032 

0 123 

0 091 

Sch Male 

0-6th 

417 

10 4 

20 6 

16 0 

69 3 

1 7 

3 6 

2 7 

48 

1 440 

0 134 

0 099 

Age 41 yrs 

6-12th 

687 

55 1 

47 4 

27 0 

45 0 

7 5 

4 5 

1 8 

158 

0 285 



79 S kg 

12-18th 

90S 

90 3 

74 2 

35 4 

36 3 

5 7 

4 5 

1 4 

410 

0 089 




18-24th 

1088 

118 5 

96 9 

43 8 

30 5 

4 8 

3 8 

1 4 

596 

0 051 




24-30th 

1373 

147 5 

117 1 

56 5 

47 5 

4 8 

3 4 

2 1 

806 

0 059 

0 121 

0 092 

Ro Female 

0-6th 

64 

5 6 

6 1 

7 5 

10 7 

0 9 

1 0 

1 3 

445 

0 024 

0 133 

0 107 

Age 56 yrs 

6-12th 

234 

22 3 

21 0 

23 5 

28 3 

2 8 

2 5 

2 7 

798 

0 036 



61 4 kg 

12-18th 

406 

34 5 

24 9 

31 6 

28 7 

2 0 

0 7 

1 4 

1151 

0 025 




18-24th 

1266 

44 4 

27 9 

38 5 

143 3 

1 7 

0 5 

1 2 

818 

0 175 




24-30th 

1898 

S3 8 

31 8 

48 9 

105 3 

1 6 

0 7 

1 7 

717 

0 147 

0 130 

0 097 

Cu Female** 0-6th 

200 

5 2 

10 6 

12 4 

33 3 

0 9 

1 8 

2 1 

312 

0 107 

0 139 

0 111 

Age S3 yrs 

6-12th 

40S 

12 5 

14 1 

19 7 

34 2 

1 2 

0 6 

1 2 

626 

0 055 



61 6 kg 

12-18th 

S7S 

19 3 

16 1 

28 0 

28 3 

1 1 

0 3 

1 4 

953 

0 030 



Wt gained 

18-24th 

7 IS 

23 8 

17 8 

37 9 

23 3 

0 8 

0 3 

1 7 

1340 

0 017 



0 7 kg 

24-30th 

907 

30 6 

19 9 

52 4 

32 0 

1 1 

0 4 

2 4 

1672 

0 019 

0 134 

0 097 

Bi Female 

0-6th 

100 

9 6 

3 7 

U 4 

16 7 

1 6 

1 0 

1 9 

463 

0 036 

0 135 

0 103 

Age 69 yrs 

6-12th 

240 

20 7 

7 4 

16 7 

23 3 

1 9 

0 3 

0 9 

892 

0 026 



49 6 kg 

12-18th 

305 

25 5 

7 5 

18 3 

10 8 

0 8 

0 0 

0 3 

1395 

0 008 




18-24th 

685 

29 8 

7 8 

21 5 

63 3 

0 7 

0 1 

0 5 

1594 

0 040 




24-30th 

1227 

33 7 

8 5 

25 0 

90 3 

0 7 

0 1 

0 6 

1627 

0 056 

0 123 

0 094 


* Water load corrected for insensible loss and oxidative gain estimated from glucose infused and urinary 
nitrogen 

** Ether anesthesia colostomy, inoperable carcinoma of rectosigmoid 


For clearer visueilization of the variations demonstrated by these three 
groups of patients in the handling of the infusions, postoperative rates of uri- 
nary excretion for each group have been averaged and compared graphically m 
Figure I Although the averages in each instance include a relatively small 
series of cases, the trends for each group seem quite definite 

The rates of urmary excretion for water, sodium and chloride are illus- 
trated in Sections A and B The diuresis is again noted for the control group 
m the first two infusion periods This is accompanied by a relatively high 
excretion rate of sodium and chloride until the third and fourth periods at 
which time both sodium and chloride are more adequately conserved The 
Group III patients, on the other hand, reveal very low excretion rates of 
water and salt throughout the entire study The highest rate of water excre- 
tion, as attained in the fourth and fifth periods, was less than two-thuds the 
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lowest Aalue recoided for the contiols The excretion late of sodium repre- 
sented a flat cuive thioughout the entire study The course of the herni- 
orrhaphy group was again found niidw'ay between Groups I and III These 
patients followed an initial 12-hour oliguria wuth a pronounced diuresis in the 
last tw o to three periods The rate of sodium excretion, however, was greater 
during the oliguria than it w'as during the last two periods wdien very dilute 
urine w'as being excreted 



The urinary excretion rates of potassium for these patients are found in 
Section C This factor, however interesting, is being discussed independently 
in another communication 


DISCUSSION OF RESULTS 

Infusions of 5 per cent glucose given in the dosages described above are 
apparently handled differently by each of the three groups of patients studied 
The solution produced dehvdration unifoimly in the control subjects as a 
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result of an initial diuresis and salt loss not completely compensated during 
the 24 hour study The tendency in the hernioi rhaphy group was toward 
only slight dehydration, the diuresis occurring after 12 to 18 hours and being 
simultaneous with a decreased rate of sodium excretion The excretion of 
both water and salt remained low throughout the study of patients under- 
going combined abdominoperineal resection of the rectum This resulted in 
a positive water load at the conclusion of the study on these patients The 
most striking contrast in urinary output between the control group and the 
two operated groups occurred in the first six postoperative hours 

Two interesting questions are posed by the above results (i) What are 
the reasons for the variations m the handling of these infusions by the three 
groups studied, and (2) what is the clinical significance^ 

No single answer to the first question would seem possible when one con- 
siders all the possibilities and complexities involved It does seem reasonable, 
however, to rule out some of the more obvious explanations by means of addi- 
tional data acquired in further investigations 

The initial oliguria, most pronounced in the Group III patients, makes 
necessary the consideration of possible preoperative dehydration as a causative 
factor Certainly the hydration previous to these studies could not be abso- 
lutely controlled All patients however weie able to take adequate nutrition 
by mouth preoperatively and were felt clinically to be optimally prepared foi 
their surgical procedures Furthermore, the control group as well as the two 
operated groups was deprived of all food and fluid for 12 hours before the 
study 

It would appear from Figure i. Sections A and B, that the more exten- 
sive the operation, the moie severe and prolonged is the immediate post- 
operative oliguria It might thus be postulated that the oliguria is a result of 
excessive fluid losses at operation, such as operative hemorrhage or fluid lost 
into the wound Further operative losses would include the possibility ot a 
greater insensible water loss during the procedures of greater magnitude, or 
increased loss through perspiration No allowance was made for these factors 
in the water loads calculated In considering either preoperative or operative 
dehydration as factors influencing the oliguria found in these patients, refer- 
ence IS again made to the determinations of urinary specific gravity If a high 
urinary specific gravity can be used as an index of dehydration, only two of 
the Group III patients (He and Sch) may be considered as dehydrated on 
this basis 

To exploie the possibility of dehydration more thoroughly, some data 
were collected on two further groups of patients In one group of six patients 
undergoing combined abdominoperineal resection of the rectum (Group IV), 
blood transfusions were given in the first six postoperative hours in addition 
to the 750 ml of 5 per cent glucose as given preriously The blood was 
given during the operation, usuallv as a prophylactic measure, and m the 
amounts calculated by the operating surgeon as adequate replacement for tlie 
blood lost The infusions in Group IV, therefore, differed from those in Group 
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III onh in that blood lob^cs ucre adequately leplaced m the former The 
oligunas demonstrated m the fiist sik postoperative hours (Table VI) and the 
specific graMlics of the mines foi these two groups are similar in spite of the 
lanation in blood administered 


Tablf VI — Pat cull ral 5 Pet Cent Glucose and Blood lutaKc, Output and Urinary 
Spectfie Gia'it\ Combined dhdoininopci meal Resections 


Intnkc in ml 


Output in ml 


Pilient 

Hours Postop 

Blood 

5% Glucose 

Urine 

Specific Gravity 

R-i 

0-6 

400 

750 

125 

1 015 

Mnie 

6-24 


2250 

235 

1 011 

61 Nr-; 

24-30 


750 

72 

1 012 

\\c 

0-6 

ooo 

750 

123 

1 013 

Mile 

6-24 


2250 

535 

1 008 

■47 jrs 

4-30 


750 

550 

1 005 

Wi 

0-6 

900 

750 

100 

1 022 

Mile 

6-24 


2250 

1205 

1 019 

70 jrr 

24-30 


750 

515 

1 005 

Gr 

0-6 

1000 

750 

125 


Tcmnle 

6-24 


2250 

1435 

1 003 

20 >rs 

24-30 


750 

290 

1 007 

M> 

0-6 

500 

750 

85 

1 022 

Male 

6-24 


2250 

515 

1 018 

54 >rs 

24-30 


750 

95 


r. 

0-6 

500 

750 

145 

1 013 

Male 

6-24 


2250 

360 


60 >rs 

24-30 


250 

580 

1 005 


111 a fifth grouj) (Gioup V) the urinary output was carefully recorded, 
but the fluid intake was left to the discretion of the staff m charge These 
patients received their required blood transfusions and fluid infusions in one 
continuous drip, which was started during the operation and was completed 
within five to eight hours The intakes and outputs for these patients are 
found in Table VII 

The infusions for the patients in Group V differed from those in Group 
III not only in that adequate blood replacement was administered but alsb as to 
injection times Consequently, large volumes of fluid were administered during 
the period of oliguria The urine volumes, however, were again found to be 
small in the first six postoperative hours Patient La, for example, received 
an infusion totalling 3800 ml in the first six hours, and his total urine volume 
for that period was 55 ml with a specific gravity of i 008 Whether or not the 
oliguria found in these patients in the first six hours postoperatively is caused 
by preoperative or operative dehydration, it can be stated that it is not altered 
by adequate blood replacement or rapid, massive infusions of fluid 

The anesthetic agent as a contributing cause cannot be ruled out Although 
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the majority of the patients studied received a continuous spinal anesthesia, 
using procaine as the anesthetic agent, it was found that the results were not 
changed by varying the type of anesthetic employed Some of the modifica- 
tions of anesthesia included sodium pentothal as a supplement to the spinal, 
nitrous oxide-oxygen-ether general anesthesia, and cyclopropane with curare 
Previous studies on renal function under anesthesia® have revealed no change in 
glomerular filtration rate oi renal blood flow under the above three anesthetic^ 
if the factor of hypotension could be eliminated It might be noted that the 
patients undergoing herniorrhaphy in Group II also received procaine spinal 
anesthesia, although, of course, in a more limited quantity 


Tablf VII — Early, Continuous Parenteral Infusions Plus Blood Intake, Output and 
Uitnary Specific Giavity, Combined Abdominoperineal Resections 



Intake in ml 

Output in ml 



Patient 

Hours 

Postop Blood 

5% 

Glucose Saline Oral 

Hours 

Postop 

Urine 

Specific 

Gravity 

Comment 

Bo Male 

67 yrs 

0-8 

1500 

3000 

250 

0-6 

210 








6-24 

380 

1 

018 

' 






24-30 

45 




Ki Female 
56 yrs 

0-8 

1000 

2600 

850 

0-9 

350 

1 

015 

Ether and curare anesthesia 
Shock 





9-25 

390 



Ge Male 

63 yrs 

0-7 


3000 


0-6 

250 








6-24 

610 




Ka Male 
49 yrs 

0-6 


3000 


0-8 

191 



Shock at 12 hours postopera 
tively 

12-15 

500 


400 

8-24 

70S 



La Male 

71 yrs 

0-6 

1000 

2000 

800 

0-6 

55 

1 

00 

o 

o 

Ether anesthesia 





6-24 

1305 

1 

014 


Da Male 
52 yrs 

0-7 

1000 

1000 

600 200 

0-24 

1100 



Sigmoid resection 

Pi Male 

40 yrs 

0-9 

1000 

1100 

1000 1400 

0-24 

675 



Laparotomy and biopsy cydo 
propane and curare anesthesia 


The factors of hypotension, shock and cellular anoxia must be considered 
in evaluating these results The anesthetic records of all these patients have 
been carefully studied and only two of them (Ki and Ka) developed the 
syndrome indicative of surgical shock Even those patients who received no 
transfusions remained free from this complication-^in fact, had shock de- 
veloped in one of the latter patients he would have been automatically elimi- 
nated from this category, for no transfusions vere withheld if the condition of 
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the patient indicated the need It cannot be stated, howevei, that none of 
these patients showed any transient peiiods of hypotension, as the majority 
did develop this complication for a biief interval at some time during the 
course of the opeiation This was usually felt to be a result of the spinal 
anesthesia and responded well in all instances to one of the vaso-pressor 
drugs Although no clinical signs of shock or anoxia developed m these 
patients, it is of course impossible to obtain any estimation of the amount 
of compensatory vaso-constiiction which may have been present even though 
the full-blown clinical picture of shock w'as not evident Once again, how'- 
evei It is of interest to note that the lesults m patients wuth and without blood 
replacement were similar 

In attempting to evaluate the degree of clinical significance wdnch might 
be attached to the data presented, reference may well be made to the average 
water loads and sodium losses in the original three groups of patients The 
average water load, foi example, in the control group over the 24 hour study 
period was — 1003 ml , accompanied by an average sodium loss of 92 mEq 
Although this IS a loss of w^ater slightly in excess of sodium (as compared to 
the concentration of extracellular fluid), the excess is not large and is further 
minimized by the renal conservation of sodium, as shown in the last period 
wdien an average of only 3 6 mEq of sodium were excreted in the urine 
A salt w’ater deficit is thus present in the contiol group but is being con- 
ti oiled adequately by noimal lenal function, even though absolute salt con- 
servation cannot be expected 

The average water load in the herniorrhaphy gioup over the 30 hour 
study period is found to be — 139 ml , with an average sodium loss over the 
same period of 107 mEq These patients then have lost salt in excess of water 
This change involves less than one liter of extracellular fluid during the first 
30 postoperative hours and is being well compensated m the last study period 
at which time water is being excreted in excess of sodium (887 ml of water 
and 15 3 mEq of sodium) In this group, then, there is small but definite 
derangement of bod}^ fluids in the first 12 postoperative houis, which is held 
in check wdien compensation is begun through more adequate lenal function 
m the last twm periods 

In the patients undergoing combined abdominoperineal resection, a posi- 
tive water load averaging 1 300 ml is found for the first time at the end of the 
30-hour study period At the same time the sodium loss, though minimal, is 
present and averages 47 3 mEq over the 30 hour period Here, then, is the 
only group wdiose averages reveal a positive water load with a negative 
sodium load Renal compensation in the latter part of the study which was 
evident in the first two groups is minimal for these patients as noted by the 
curves in Figure i. Sections A and B It is further noted that small amounts 
of sodium excreted by these patients throughout the first two postoperative 
periods are apparently not the result of renal conservation of salt, but rather 
a function of the small quantities of urine produced, for, as shown in Table TI 
the concentration of salt in the urine of one of these patients closely approxi- 
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mated that of the representatives of the othei two groups The pre- and post- 
infusion blood studies in Table I confirm the results of these urinary analyses 
It would appear, then, that the administration of 5 per cent glucose solu- 
tion in the quantities employed in this study should be free of serious derange- 
ment of body fluids in normal, healthy persons and in healthy individuab 
undergoing operations of the magnitude of herniorrhaphy 

In patients undergoing combined abdominoperineal resection of the rectum, 
renal excretion of both salt and water is apparently quite different from the 
normal, with urinary volumes greatly depressed in the first six to twelve post- 
operative hours The result is a positive load of water accompanied by a 
small urinary loss of salt, at the same time, evidence of hemodilution is 
encountered in the blood These findings appear to be independent of the 
load of 5 per cent glucose administered and of the rate of administration, and 
are not affected by the replacement of the blood loss during operation 

It would seem to follow that the administration of intravenous infusions of 
5 per cent glucose in these patients should not be “pushed" during the first 
hours postoperatively, in spite of low urinary output The practice of starting 
an intravenous infusion before operation and continuing this infusion at a 
relatively rapid rate until a 24 hour supply of water has been injected into the 
patient within the first six to eight postoperative hours seems unjustified 
Although frequentl)'' no ill effects from this procedure are observed, its prac- 
tice in the malnourished, chronically ill, elderly patient certainly should 
increase the danger of such complications as pulmonary edema, wound edema, 
cardiac failure and water intoxication 

Careful planning in the prescription of 5 per cent glucose infusions in 
these patients in the immediate postoperative period is as important as in the 
prescription of saline infusions The giving of sufficent 5 per cent glucose 
during this period (6-12 hours) to cover the calculated insensible water loss 
in addition to transfusions of blood to replace adequately the blood lost would 
seem to be a logical handling of the situation Further infusions after the 
first 12 hours could then be given in amounts calculated for adequate renal 
requirements 

SUMMAKY 

Infusions of 5 per cent glucose were administered to three control sub- 
jects four patients undergoing hernioirhaphy and five patients undergoing 
combined abdominoperineal resection of the rectum Each individual Avas 
given 750 ml of 5 pei cent glucose in each of four or five periods of six hours 
Excretion rates and loads of water, sodium, chloride and potassium were 
determined 

The control group revealed an initial diuresis in the first six to twelve 
hours with accompanying losses of salt In the third and fourth periods renal 
conservation brought the excretion of both ivater and salt to a inimmuin The 
subjects were somewhat dehydrated at the conclusion of the study as indi- 
cated by loss of weight and greater losses of water than salt 
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The patients nuclei going hernioi rhaphy experienced, on the average, 
reduced excretions of watei dining the hist two periods, which changed to a 
definite diuiesis in the later peiiods Sodium and chloiide were excreted 
moie lapidly dining the peiiods of low watei output, but were conseived 
during the dun esis These patients lost, on tlie average, small amounts of salt 
111 excess of water, but again adequate renal compensation was m evidence 
at the conclusion of the study 

Data fioiii patients undei going combined abdommopeimeal resection of the 
rectum revealed an oliguiia occuiiing in the fiist six to 12 postoperative hours, 
w Inch was associated v\ itli minimal output of sodium and chloride throughout 
tlie stud} peiiod As a lesult, theie was a positive load of water accompanied 
by a small loss of salt 

Some of the causative factors associated with these differences in the 
handling of 5 per cent glucose are discussed Fuither data aie presented 
which show that the addition of either adequate blood leplacement during 
operation or infusions of large volumes of glucose in the early postoperative 
peiiod aie without influence upon the oliguiias noted in those patients under- 
going large operations 

During the first six to 12 hours after operation, it is recommended that 
intrav^enous infusions be limited to transfusions of blood to replace blood loss 
and to that amount of 5 per cent glucose required to replace insensible loss of 
water After this period, and following a careful ev^aluation of the patient’s 
state of hydration, sufficient 5 per cent glucose may be infused to support 
. renal function adequately 
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APPRAISAL OF ORAL STREPTOMYCIN AS AN INTESTINAL ANTI- 
SEPTIC, WITH OBSERVATIONS ON RAPID DEVELOPMENT 
OF RESISTANCE OF E COLI TO STREPTOMYCIN* 

John S Lockwood, M D , Adfred D Young, M D McLemore 
Botjchelle, M D , Thomson R Bryant, Jr , M D , 

AND Alfred J Stojowski, M D 

New York, N Y 

FROM THE SURGICAL SERVICE, PRESBYTERIAN HOSPITAL NEW YORK, NEW YORK 

The activity of strep iomycin against gram negative organisms and its 
negligible absorption from tbe alimentary tract, as shown in tbe writings of 
Waksman and others,^’ 2. s. -i has prompted tbe oral administration of this 
antibiotic m an attempt to reduce tbe bacterial flora in tbe large bowel prepara- 
tory to surgery It is tbe purpose of tbis paper to present an appraisal of the 
effectiveness of oral streptomycin in reducing tbe numbers of intestinal bacteria 
in preoperative cases, in tbe bgbt of tbe experiences of tins clinic and a 
review of tbe joubbcations from other clinics 

Preliminary reports of the effectiveness of streptomycin in intestinal 
prophylaxis by Zintel® were encouraging In a senes of 15 patients who were 
given o 25 Gm of streptomycin by mouth every six hours and followed with 
quantitative stool cultures, Zmtel reported a marked and sustained reduction 
in the numbers of the three groups of organisms studied (cobform group, 
sti eptococcus jecahs, and clostiidia) The patients in Zintel’s series were 
followed from six to ten days after institution of streptomycin A later paper' 
reported essentially the same findings m greater detail 

Rowe, et al/' studied the effects of oral streptomycin and sulfathaladine, 
singly and in combination, on the cobform group of organisms These authors 
gave one group of patients oral streptomycin alone, a second group sulfa- 
thaladine, and a third group a combination of the two drugs The dosage of 
streptomycin used was 2 Gm daily A marked reduction in the numbers of 
cobform organisms in most of the patients in this series was found to occur 
within 48 hours, but a reversion was noted in two patients following pro- 
longed administration These authors concluded that streptomycin should not 
be used longer than 72 hours preceding surgery 

Poth® suggested that streptomycin given orally before surgery might pro- 
duce deleterious effects by virtue of the marked reduction in the bacterial 
flora, particularly in the upper alimentary tract, thereby interfering with the 
absorption of certain fat soluble substances, most important being vitamin K, 
resulting in an elevated prothrombin time Another valid objection offered 
by this author was that in view of the rapid resistance to streptomycin 
developed by the intestinal bacteria, one would be reducing the usefulness of 
the drug in the treatment of postoperative complications, should such develop 

♦ Submitted for publication, July 1948 
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The obseivations of Paine and Finland^** on streptomycin resistant and de- 
pendent bacteiia aie peitinent in tins connection While oui woik was in 
piogiess these authois repoited woik along similar lines with vaiioiis gioups 
of oiganisms, including E Coh They report that stiams of sti eptomycin- 
sensitive, streptomycm-i esistant, and even streptomycin-dependent organisms 
appeal after exposuie to vaiioiis concentrations of streptomycin 

A senes of 24 cases leceiving oial stieptomycin alone and nine cases 
recening stieptom}cin and sulfathaladine m combination have been studied 
with quantitative estimations being made of the changes in stool bacteria 
which occur during pieoperative administration of these drugs The cases 
leported weie selected at random fiom among patients admitted to Presby- 
terian Hospital foi laige bow'el lesions, the diagnoses included carcinoma of 
the rectum, carcinoma of the sigmoid, chronic ulcerative colitis, diverticulitis, 
pob'posis, and fistula in ano (tuberculous and non tuberculous) In this 
series, the thiee major groups of alimentary tract organisms were studied, 
namel)’' the coliform group, the intestinal streptococci, and the clostridia, hy 
the method described below' 

BACTERIOLOGIC TECHNIC 

Stools weie obtained for cultuie befoie and every one oi two days after the 
institution of oial streptomycin The cases were followed for periods ranging 
from five to 14 days aftei the institution of chemotherapy An emulsion of 
I Gm of fresh w'et stool m 9 cc of sterile bioth was prepared in a glass plunger 
tj'pe homogenizei This i 10 dilution of the stool was then earned through 
a continued series of eight i 10 dilutions so that the last was lO'Vx the con- 
centration of the oiigmal stool specimen One-half cubic centimeter portions 
of tubes tw'o, foul, six and eight w'ere used for inoculating agar plates of the 
follow'ing media 

(1) Eosin methylene blue for coliform organisms Surface lactose- 
fermenting colonies were counted after 24 hours incubation at 37° C 

(2) Modified Wilson Blair for clostridia Two-tenths cubic centimetei 
of 8 per cent Feme Chloride and 20 cc of 20 per cent sodium sulfite were 
added just befoie use to 20 cc of liquid meat infusion agai Pour plates were 
made, the colonies of clostiidia appearing as black spots m the medium after 
24 hours anaerobic incubation 

(3) Tw'o per cent Dextrose meat infusion agar, buffered with NaOH to 
pH 93 for streptococci Pour plates were also made w'lth this medium, the 
streptococci appearing as small millet seed shaped colonies m the medium, and 
colonies were counted after y 2 hours incubation 

Colony counts were then made on the plate of highest dilution in which 
colonies appeared for each of the three groups of organisms By this method 
a relatively accurate approximation of the total number of organisms in each 
stool was gamed 

RESULTS AND INTERPRETATION 

A total of 24 patients received oral streptomycin alone 19 of whom received 
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resistance by E Cob m a group of ten cases chosen at random from this 
series 

Preliminary titrations had shown that in these patients the E Coh isolated 
before administration of oral streptomycin were sensitive to and completely 
inhibited by i 25 units of streptomycin per cubic centimeter After treatment 
the organisms rapidly became resistant to at least 100 units/cc Therefore a 
wide range was selected, i e o to 10,000 umts/cc , distributed as m Figure i 


STREPTOMYCIN RESISTANCE OF E.COLi 



+ INOICATtS QROwn-H at CIVCN STRCPTOMYCIN CONCENTRATION 
0,2,4 INDICATES DAY or THERAPY WHEN CULTURE WAS OBTAINED 


Fig I 

From each stool specimen the E Cob were isolated in pure culture on EMB 
agar An inoculum for titration was prepared by placing one loop of the 
organism into five cubic centimeters of streptomycin broth (a standard 
specified by the U S F D A ) and incubated at 37° C for five hours One 
drop of this inoculum was added to two cubic centimeters of the titration 
broth and incubated for 72 hours at 37° C and read at the end of that time 
for Msible turbidity 

The results revealed that prior to treatment the E Cob were inhibited 
in all but one case In the lowest concentration of streptomycin used, 1 e , 19 
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units/cc This one exception was resistant to 156 units/cc After 48 hours 
of 01 al streptomycin, the organisms isolated were found to be resistant to at 
least 156 umts/cc 111 all but one case, this strain requiring six days for the 
deielopment of resistance In one case the organism grew in all the titiation 
concentrations aitei 48 hout s of oral streptomycin This was observed on pro- 
longed treatment 111 two othei cases 

A marked prozone phenomenon w'as observed m these titrations In the 
2500 units/cc concentiation and up flocculation w'as produced which obscured 
the gross reading by tuibidit}', so that giowflh was confirmed by plating on 
Ej\'IB agar Aftei 48 houis of tieatment wnth oral streptomycin the high 
strep torn} cm concentration tubes were found to contain heavy growth The 
zone of inhibition, between 156 umts/cc and 2500 umts/cc, was also con- 
firmed since plating on EMB agai produced no giowflh or scant growth 
These observations indicate that lesistant strains of E Coh develop with 
great rapidity wntliin 48 hours aftei institution of streptomycin 

The fact that E Coh may be inhibited by concentrations of streptomycin 
below 2500 units /cc and yet not be killed by concentrations between 2500 
umts/cc and 10,000 umts/cc is a phenomenon of considerable interest, and 
calls attention to a related phenomenon described by Eagle,“ who observed a 
similar zone effect w'ltli penicillin 

STOOL ASSAY^rOR STREPTOaiYCIN CONTENT 

The stools of three patients wdio were given 4 Gm of streptomycin daily 
dnided i Gm every six hours w'eie assayed for streptomycin content It was 
found that wnthiii 48 hours after the initiation of therapy a level of 4,800 to 
9,600 units of streptoni) cm per gram of w'et stool was leached One patient 
was found to have 19,200 units/gram after six days of oral streptomycin It 
will be noted that these concentrations are greater than the prozone levels 
observed m the titrations, and are in the range wdiere streptomycin resistant 
organisms proliferate 

ORAL STREPTOMYCIN COMBINED WITH SULFATHALADINE 

Because of the unreliable results obtained with oral streptomycin alone 
a series of preoperative patients w ere given oral streptomycin in combination 
with sulfathaladine, and daily colony counts of the stools by the method pre\i- 
ously described w^ere carried out Dosages given w^ere o 25 Gm of strepto- 
mycin and I Gm sulfathaladine every six hours by mouth Though this series 
IS too small to permit valid conclusions the data on the nine cases so treated 
are here reported, since they appear to show' results essentially similar to the 
response obtained wnth oral streptomycin alone (See Table III) It will 
be noted that only four of the nine cases showed a significant drop m the 
numbers of coliform and streptococcus colonies 

In all four of these cases the effect w'as short-lived, the maximum reduc- 
tion m the bacterial flora occurring within 48 to 72 hours after the institution 
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of treatment, and thereafter returning very rapidly to the pretreatment level, 
this level becoming re-established within five days after the institution of 
chemotherap} and within two days after the maximum di op Only one of the 
nine cases showed a significant drop in the number of clostndia colonies, and 
this was temporary All nine patients were followed at least four days, the 
longest being nine days No toxic effects were observed in this series ot 
cases 


Table III — Response of Colony Counts to 10 Gm Streptomycin and 4 0 Gin 

Sulfathaladine Per Day 


Degree of 
Response 

Number 

Giving 

NoResponse 

Number Giving 
Temporary Response 

Number Giving 
Prolonged Response 

Total 

Number 
of Cases 

To 0 01% 

To 0 001% 
or Less 

To 0 01% 

To 0 001% 
or Less 

E Colt 

5 

1 

3 

0 

0 

9 

Streptococci 

S 

4 

0 

0 

0 

9 

Cl welchti 

8 

1 

0 

0 

0 

( 


CONCLUSIONS 

A comparison of the results reported in this paper with previous publica- 
tions has led us to the conclusion that oral streptomycin cannot be recom- 
mended for the preoperative preparation of patients requiring large bowel 
surgery, for the following reasons 

(1) Reduction in intestinal flora is unpredictable and unreliable 

(2) In a significant proportion of the cases which show a favorable early 
response to 01 al streptomycin, the organisms rapidly develop resist- 
ance to the drug 

Although our series of cases is too small to permit final conclusions to be 
drawn it would seem that the probable development of resistance to strepto- 
mycin by the intestinal organisms would be likely to render the parenteral 
use of this drug ineffective should the patient develop postoperative complica- 
tions uhich might ordinarily be treated with this drug In view of these 
observations w'e feel that it ivould be wiser to reserve the use of streptomycin 
for the treatment of complications should they develop rather than to expend 
the drug effect in the preoperative preparation of the patient 


SUMMARY 

1 A re\ lew' of publications on the use of oral streptomycin in preoperative 
preparation of surgical cases is presented The conflicting nature of those 
reports is emphasized 

2 \ series of 24 cases treated at the Presbyterian Hospital wnth oral strep- 
tomycin IS presented, together with the methods used to obtain serial quantita- 
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tion colon} counts on the thiee groups of organisms studied, the cohform 
group, the streptococcus, and the clostridia 

3 Results obtained ^^ere inconsistent Approximately half of the cases 

treated showed no i espouse in the cohform group to -oral streptomycin, and 
of the cases showing a response, 50 per cent or total number of 

cases, shoued a prolonged significant response 

4 Eighty-se\ en and seven-tenths per cent of the cases showed no significant 
reduction in the number of streptococci present in the stool 

5 Thirt} -eight and nine-tenths per cent of the cases showed no significant 
1 eduction in the numbei of clostridia pi esent in the stool 

6 Sensitivity titrations on the E Coh group showed rapid development 
of resistance to streptomycin, and brought out the fact that many strains of 
E Coh become able to prolifeiate 111 the concentrations of streptomycin which 
exist m feces 

7 A series of nine cases treated with combined stieptomycin and sulfa- 
thaladine is presented The results in this group are also inconsistent 

8 The authors conclude that oral streptomycin is unpredictable and 
unreliable, and its use in the preoperative pieparation of surgical cases is 
not to be recommended 
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It is no LONGER POSSIBLE to be complacent about the adequacy of com- 
bined abdominoperineal resection, done m the classic fashion, in the treat- 
ment of carcinoma of the rectum and lower part of the sigmoid colon This 
procedure, the result of the careful studies and the experience of Miles, un- 
questionably represents a logical and important advance in surgical manage- 
ment of malignant disease However, it, in common with all operations, is 
constantly challenged by changing concepts, new^ information and advances in 
surgical technic 

It has been the practice of many surgeons to employ the operation of 
combined abdominoperineal resection m the treatment of all lesions of the 
rectum, and in those lesions of the sigmoid colon located so low that an 
exteriorization operation of some type is not possible This concept of treat- 
ment has been questioned in recent years on two general scores On the one 
hand, in cases in which there are lesions of the upper part of the rectum, the 
rectosigmoid and the lower part of the sigmoid colon, it has been pro- 
posed^’ -■* that operations as curative as combined abdominoperineal 

resection can be done which will at the same time conserve sphincteric func- 
tion to some degree at least , secondly, it has been questioned whether the 
usual Miles operation is as curative for low^-lying rectal and anal lesions as a 
more radical posterior excision ^ 

That the life and comfort of patients suffering from carcinoma of the 
terminal portions of the colon depend on an accurate answer to these questions 
IS obvious There can be no challenge to the contention that in carcinoma of 
the rectum and sigmoid colon, the operation which is proved to be the most 
efficacious in effecting cure should be done, regardless of whether or not a 
permanent abdominal colonic stoma is necessary This assumes of course that 
differences in operative mortality rates m good risk patients are negligible, 
w’hich w’e believe to be true How’ever, it would seem equally obvious that two 
procedures w’hich are equally curative but in one of which preservation of 
the function of the anal sphincter is possible and m the other of ivhich a 
permanent abdominal colonic s toma must be made are not of equal merit An 

* Submitted for publication August 1948 
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actvirate appiaisal ot this situation demands an unbiased analysis of the 
factors involved 

The determination of tiul} comparable suivival lates m patients under- 
going combined abdominoperineal resection, and in those undergoing the othei 
procedures which have arisen to challenge it, is not as simple as might appear 
It IS well known that operability rates, resection rates and hospital mortality 
rates must be known for each piocedure to be considered and must be care- 
full) controlled More important, and perhaps less w^ell appreciated, is that 
there ai e many factors iiiliei ent in the grow th itself w Inch should be analyzed 
and undei stood with relation to such comparisons of the various operative 
procedures 

These factors, in addition to being important m the use of comparative 
2>tatistical data, are impoitant in considering the adoption of a relatively new 
and as yet unproved operative procedure Obviously, it is not as yet possible to 
compare accuratel) the lesults Irom combined abdominoperineal resection, 
posterior resection, the Hochenegg pull-thiough procedure, perineal resec- 
tion with primary anastomosis anterior resection with primary anastomosis 
and the other procedures w Inch have been employed for lesions m this region 
Until such comparisons aie possible, the surgeon should understand as thor- 
oughl) as possible the behavior of the giowths m cpiestion and the factors 
affecting their prognosis In this way, he may select a piocedure which, 
though as yet unproved, is based on sound reasoning 

The histologic grade (Broders) of the lesion and the extent of the lesion 
as represented by its type (Dukes)^^ aie tw^o outstanding factois wdiich must 
be studied and understood in any series of rectal and low sigmoidal carci- 
nomas It would seem that the location of the lesion, with respect to its 
distance from the anal margin, might also be a factor of some importance 
Obviousl) 111 com]iaimg the survival rates of patients treated by anterioi 
resection wnth those of patients treated by combined abdominoperineal resec- 
tion, one should know , among other things, wdiether thei e is any difference in 
the prognosis of low-lying rectal lesions and of low^ sigmoidal lesions, when 
both are treated by combined abdominoperineal resection If the low sigmoidal 
lesions have a significantly better prognosis than the low'-lymg lectal lesions 
wdien both are treated by the same operative procedure, then one must of 
course compare the survival rates after anterior resection, with restoration 
of intestinal continuity, not wnth those of all patients treated by abdom- 
inoperineal resection, but wnth those of patients having lesions at the same 
level of the bow^el as the patients treated by anterior resection Furthermore 
if it were shown that patients having low-lying rectal lesions tieated by com- 
bined abdominoperineal resection faie less well than those having lesions in 
the middle and upper parts of the rectum, it might be an impetus to the trial 
of a more radical removal of the very low'-lying lesions 

It was because of these implications that a study was made of the effect 
of the level of the lesion on the prognosis m carcinoma of the rectum and the 
low'er part of the sigmoid colon 
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REVIEW OF THE LITERATURE 

A careful review of the literature has failed to reveal a factual analysis 
allowing accurate conclusions as to the effect of the level of the lesion in the 
bowel on prognosis after surgical resection of the growth in cases of carci- 
noma of the rectum or sigmoid colon There have been opinions expressed 
concerning this matter, however, some of which have of course been 
conflicting 

Lockhart-Mummery, in IQ26, stated that patients having adenocarcinomas 
of the rectosigmoidal junction had a poorer prognosis than those having 
lesions in the rectum itself , he felt that one reason for this was the greater 
difflculty associated with removal of the regions of direct spread and nodal 
involvement in rectosigmoidal lesions Coffey, in 1931, again expressed the 
opinion that patients having rectosigmoidal lesions are more difficult to cure 
than those having the lower-lying rectal lesions 

Dukes has carefully and accurately studied many phases of the patholog) 
of rectal and sigmoidal cancers, but there are not available in his published 
work data as to the effect of the level of the lesion itself on the curability of 
the lesion He stated^” that he had concluded that in cases without involve- 
ment of lymph nodes the five year survival rates are the same regardless of 
location However, he stated that in lesions with nodal involvement the results 
“varied to some extent with the position in the rectum of the malignant 
growth ” It V as his opinion that lesions m the midrectal region did less well 
than those in a similar stage of development located in the upper or lower 
part of the rectum He felt that this was due to the more pronounced tendency 
for lateral spread in lesions in the midrectum 

Gilchrist and David, in two recent publications, set forth some results 
of their careful studies of carcinoma of the bowel, which indicate that in then 
cases the low-lying lesions entailed a poorer prognosis than the higher-lyuig 
ones They called the low-lying gioup the “extraperitoneal group” Since 
it has been shown in a previous study^® that the location of the growth with 
reference to the level of the peritoneal reflection has no effect on prognosis, 
other factors being equal, it may well be that the poorer prognosis in the 
extraperitoneal group” of Gilchrist and David is due to their low location 
in the rectum, rather than to their being beneath the peritoneal reflection 
Barbosa, Waugh and Dockerty studied 105 cases of low rectal and anal 
adenocarcinomas and concluded from their study that the prognosis in these 
cases IS poorer than in higher-lying rectal lesions 

Thus there is considerable suggestion in the recent literature that there 
IS some relation betw een the level of the lesion and the prognosis What data 
are aAailable tend to support the idea that the lower-lying lesions have m 
general, a poorer prognosis than the higher-lying ones 

MATERIALS AIVD JIETHODS OF STUDY 
From the files of the Mayo Clinic were selected the records of all patients 

24 



^ olume 12'' 
Nunilicr 1 


CARCINOMA OF RECTUM 


\\ho, m the ten year penod fiom 1931 through 1940, had undergone com- 
bined abdominoperineal resection foi adenocarcinoma of the rectum and 
sigmoid colon and who had survived operation All cases with metastatic 
grow ths in the liver or other distant sites, and thus in which the resection was 
purely palliative, w^ere eliminated The recoids of 453 patients were thus 
obtained On careful review of the lecord of each patient, it was found that 
65 cases were not suitable foi inclusion in this study A few^ had been 
incorrectly filed, and were in fact palliative resections, a few had had only 
the first stage of a two-stage combined abdominoperineal resection and for 
some reason had failed to have the second stage Most of these 65 were not 
suitable for inclusion 111 this study because no accurate data were available 
as to the level of the lesion wuthm the bow^el It should be stated that nearly 
all these cases wnth data insufficient to judge accurately the level of the lesion 
occurred in the first few^ years of the study, at a time wdien proctoscopic 
estimation of the level of the lesion was not routinely performed 

Three hundred and eighty-eight cases remained foi study Data w^ere 
available in each case, from proctoscopic examination, digital examination of 
the rectum, from the surgeon’s note and from the pathologic examination, as 
to the approximate level of the lesion In general, the data from these various 
sources agreed How^evei, the data from proctologic examination w^eie 
usual!} most clearly stated, since it has been the policy in the clinic for some 
time to report lesions as beginning a given number of centimeters above the 
anal margin Because of this, and because clinically this proctoscopic estima- 
tion of the level of the lesion is of value m the planning of the surgical 
procedure, the distance from the anal margin as estimated by the proctoscopist 
has been used in classifying these lesions 

It IS to be noted that the lesions thus aie classified according to the dis- 
tance from the anal margin to the lower edge of the lesion It is freely 
acknowledged that this is not a really precise method of locating the lesions, 
but it has two advantages ovei a seemingly more precise method, namely 
the measurement of this distance in formalin-preserved surgical specimens 
In the first place, as noted previously, it is the most important preoperative 
method of estimating the level of the lesion Secondly, there is considerable 
shrinkage in presented specimens and thus an accurate idea of the level of 
the lesion m vivo may not be obtained from a study of them 

Note w^as made in each case of the histologic grade of the lesion and of the 
presence or absence of nodal involvement, as reported by the pathologist 
examining the surgical specimen The follow up correspondence was care- 
fully review^ed to determine the survival or death of each patient m the 
series Analysis by the direct method w^as then made of the five-year survival 
rates of patients having lesions at various levels in the bowel 

RESULTS 

The results of this study are presented in a series of tables, which are in 
the mam self-explanatory These data allow' the formation of certain con- 
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elusions as regards the effect of the level of the lesion on survival rates after 
combined abdominoperineal resection 

It appears (Table I) that those patients whose lesions he within approM- 
mately 5 cm of the anal margin have a poorer prognosis than those whose 
lesions he above this level, both groups being treated by combined abdom- 
inoperineal resection Those patients having lesions approximately ii cm 
or more above the anal margin have a prognosis which is slightly better than 
that of the over-all group but m cases with nodal involvement these persons 
with high-lying lesions would seem to have a definitely better prognosis 
than those with either low-lymg lesions or with lesions the lower edge of which 
ranges from 6 to 10 cm from the anal margin 


Table I — Survival Rates of Patients Having Adenocarcinoma of the Rectum and Sigmoid 
Colon Treated by Combined Abdominopei meal Resection 


Level of Lower 
Edge of Lesion 
Above Anal Margin 

Nodal 

Metastasis 

Patients 

Traced 

Patients 

Lived 5 or More Years 
After Operation 

Number 

Per Cent of 
Traced Patients* 


All cases 

100 

93 

43 

46 

2 

0-5 cm 

Without 

56 

50 

33 


66 0 


With 

44 

43 

10 


23 3 


All cases 

201 

182 

93 

51 

I 

6-10 cm 

Without 

105 

94 

71 


75 3 


With 

96 

88 

22 


25 0 


All cases 

87 

80 

43 

51 

8 

1 1 cm or more 

Without 

54 

47 

32 


68 1 


With 

31 

33 

11 


33 3 


* In this and all subsequent tables mquin was as of Janino 1 1^*16 All operation were per- 
formed in 1940 or earlier 


In order to obtain a moie homogeneous group for analysis, the 248 cases 
in this series in iihich the lesions showed grade 2 (Broders) malignancy 
were analyzed in similar fashion (Table II) These data show the same gen- 
eral trend as those of the entire group, but the differences are more clear- 
cut \Ve believe that this group represents more accuratel} the true state of 
affairs, since the lesions are histological!} similar through the group It 1= 
again seen that patients whose lesions were within 5 cm of the anal margin 
had a poorer prognosis than those with lesions lying higher up and that those 
with lesions lying 6 to 10 cm removed from the anal margin had a poorer 
prognosis than those w'lth lesions ii cm or more removed from this point 
Again, considering onl\ lesions with nodal involvement, a location 1 1 cm 
or more removed from the anal margin allow'ed a much more favorable prog- 
nosis than did a low er location In the group wnth grade 2 lesions w ithoiit 
nodal in\ol\ement those patients with low’-lving lesions again appear to have 
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a prognosis less favorable than those with gi owths lying 6 cm or more above 
the anal margin 

In order to obtain some further information on the critical levels, as 
regards prognosis, the data were again analyzed, this time breaking the cases 
down into groups at somewhat different levels (Table III) 


Tabie II — Swt’iva} Rafc: of Patients Having Giadc 2 Adenocarcinoma of the Rectum 
and Stqmotd Colon Ticatcd by Coinlnncd Ahdomxnopenncal ’^cscrfion 


Le\el of Lower 

Edge of Le'sion 
'\bo\ e Anal Margin 

Nodal 

Metastasis, 

Patients 

T raced 
Patients 

Lived 5 or More Years 
After Operation 

Number 

Per Cent of 
Traced Patients 


■Ml cases 

72 

66 

30 

45 5 

O-s cm 

Without 

41 

36 

22 

61 1 


With 

n 

30 

8 

26 7 


Ml cases 

119 

106 

56 

52 8 

6-W cm 

Without 

62 

55 

41 

74 5 


With 

57 

51 

15 

29 4 


•Ml cases 

57 

51 

31 

60 8 

1 1 cm or more 

Without 

34 

28 

21 

75 0 


With 

23 

23 

U 

43 5 


Table III — Swvival Rates of Patients Having Adenocai cinoma of the Rectum and 
Sigmoid Colon Ticatcd by Combined dbdominopci meal Resection 


Level of Lower 
Edge of LeMon 
Above Anal Margin 

Nodal 

Metastasiv 

Patients 

Traced 

Patients 

Lived 5 or More Years 
After Operation 

Number 

Per Cent of 
Traced Patients 


All cases 

61 

58 

25 

43 1 

0-2 cm 

Without 

34 

31 

18 

58 1 


With 

27 

27 

7 

25 9 


All cases 

77 

70 

33 

47 1 

3-6 cm 

Without 

41 

j6 

27 

75 0 


With 

36 

34 

6 

17 6 


All cases 

163 

148 

77 

52 0 

7-10 cm 

Without 

86 

77 

58 

75 3 


With 

77 

71 

19 

26 8 


All cases 

87 

80 

43 

53 8 

1 1 cm or more 

Without 

54 

47 

32 

68 1 


With 

33 

33 

11 

33 3 


This tabulation again serves to emphasize the relatively poor prognosis 
in patients with very low-lying rectal carcinomas Thus, persons with lesions 
lying within 2 cm of the anal margin have, in the over-all group, a prognosis 
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which IS less favorable than those with growths at any other level In those 
with growths above this point, the prognosis gradually improves as the higher 
levels of the rectum are reached It is interesting to note, in addition, that in 
cases V ith nodal involvement, the group with lesions lying 3 to 6 cm up from 
the anal margin had the poorest prognosis while those with lesions within 7 
cm of the anal margin were only slightly better The prognosis of lesions 
above ii cm again was superior to that at any other level Except for 
patients with lesions within 2 cm of the anal margin, in which instance the 
prognosis was poor, in lesions without nodal involvement there was not any 
significant improvement in prognosis as the higher levels were reached 
The data were similarly analyzed for grade 2 lesions only (Table IV) 
This more homogeneous group serves to substantiate the tendencies indicated 
by the over-all group thus analyzed 


Table IV — Survival Rates of Patients Having Grade 2 Adenocarcinoma of_the Rectum 
and Sigmoid Colon Treated by Combined Abdominopenneal Resection 


Level of Lower 
Edge of Lesion 
Above Anal Margin 

Nodal 

Metastasis 

Patients 

T raced 
Patients 

Lived 5 or More Years 
After Operation 

Number 

Per Cent of 
Traced Patients 


All cases 

44 

41 

17 

41 5 

0-2 cm 

Without 

26 

23 

12 

52 2 


With 

18 

18 

5 

27 8 


All cases 

51 

45 

23 

51 1 

3-6 cm 

Without 

28 

24 

18 

75 0 


With 

23 

21 

5 

23 8 


All cases 

96 

87 

46 

52 9 

7-10 cm 

Without 

49 

45 

33 

73 3 


With 

47 

42 

13 

31 0 


All cases 

57 

51 

31 

60 8 

1 1 cm or more 

Without 

34 

28 

21 

75 0 


Whth 

23 

23 

10 

43 5 


COMMENT 

It IS apparent that patients with lesions lying very near the anal margin, 
treated by combined abdominoperineal resection, have a prognosis which is 
poorer than those with higher-lying lesions removed by the same operation 
This unfavorable group probably embraces those patients having a lesion, 
the lower margin of w^hich is wnthin 5 or 6 cm of the anal margin, as esti- 
mated by proctoscopy Patients with lesions, the low’er margins of which are 
6 or 7 to 10 cm remo\ed from the anal margin, have a somew'hat better 
prognosis, whether the growTli is wnth or without nodal involvement, than 
patients w ith low -lying lesions , w’hile those wnth lesions 1 1 cm or more from 
the anal margin ha\e a prognosis superior to that of patients wnth lesions 
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lying below this level These diffeiences are not in every instance of great 
magnitude, but they do seem to indicate a consistent and definite difference m 
the behavior of lesions at vaiying levels in the bowel 

That such a difference occuis necessitates a consideration of two points 
One of these is the possible basis foi this difference in piognosis The second 
IS the application of a knou ledge of these differences to the selection of opera- 
tive procedures for carcinoma of the rectum and sigmoid, and to the interpre- 
tation of the results of these operations 

It IS unlikely that theie is any inheient vaiiation in the malignancy of 
adenocarcinomas at varying levels of the bowel Certainly there has not been 
demonstrated any tendency to higher giade lesions in growths located low in 
the rectum Further, the differences in prognosis in this study were as 
significant, if not more so, when only giade 2 (Broders) lesions were con- 
sideied as when the over-all gioup was analyzed It has been suggested by 
some'^’ “■* that there is a slightly highei incidence of venous involvement and 
thus of visceial metastatic growths in the high-lying rectal lesions and low 
sigmoidal lesions than in the lower rectal lesions, although Dukes^^ stated 
that he found such involvement with equal frequency in all regions of the 
rectum and lower pait of the sigmoid If this slight diffeience does in fact 
exist, then the poorer prognosis of patients with low lesions occurs in spite 
of It, rather than because of it It is doubtful indeed that differences in extent 
of invasion, as 1 effected in the typing of lesions after the method of Dukes, 
are responsible for differences in prognosis here, since these differences in 
prognosis are present uhen only cases with demonstrable nodal involvement 
are considered It is further unlikely that the unfavorable tendencies of the 
low-lying lesions are due to their location beneath the peritoneal reflection, 
since it has been showm^® that the relation of grow ths to this reflection pet se 
does not have any effect on prognosis 

The failure of combined abdominoperineal resection to effect as high a sur- 
vival rate in patients wnth low^-lying lesions may w^ell, on the other hand, be 
due to its failure to cope wnth certain routes of lymphatic spread of the low- 
lymg lesions Without going into needless detail, it may be mentioned that 
there are, at least m theory and probably m fact, three routes of lymphatic 
spread m the lesions under consideration These are of course, first, upw^aid 
alongside the superior hemorrhoidal and inferior mesenteric I'-essels, second, 
laterally, along the lymphatic pathw^ays accompanying the middle hemoi rhoidal 
vessels and lying along the levator am muscles , and third, mferiorly, along 
lymphatics destined eventually to accompany the inferior hemorrhoidal vessels 
and to dram m occasional instances to the superficial inguinal lymph nodes 
The differences m prognosis encountered m this study cannot be ex- 
plained on the basis of differences m the efficacy of the operation in eradica- 
tion of the upward spread m these lesions, for then one might expect the 
prognosis of the high lesions to be pooler than that of the low ones Failure 
to excise adequately the inferior lymphatic spread of these lesions is not a 
probable explanation for seveial reasons It has been demonstrated amply 
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by several careful studies'’’ that spread along this inferior route is 

very uncommon in lesions of the upper part of the rectum and of the recto- 
sigmoid, and It has been recently emphasized by the careful studies of Dafoe 
that retrograde, or downward, lymphatic spiead is likewise very unusual in 
the low-lymg lesions of the rectum 

However, it is possible that ihe dififeiences in curability of the low-lymg 
lesions, in contrast to those more removed from the anal margin, are due to 
spread along the lateral route, as has been suggested by others 

Miles expressed the belief that lateral spread was the least important ot 
the three possible lymphatic pathways However, studies on lateral lymphatic 
spread in carcinoma of the rectum are by no means numerous or conclusive 
One reason for this is that even with combined abdominoperineal resection 
only a relatively small amount of tissue lateral to the growth is removed, and 
thus only a small amount is available for study of spread m this direction 
Most of the tissue of real interest m this mode of spread remains within the 
patient after operation Dukes^- as previously noted, expiessed the opinion 
that lesions in the midrectal region did less well than similar growths in the 
lower or in the upper part of the rectum because of the tendency of the 
ampullary lesions to grow laterally along the lymphatics accompanying the 
middle hemorrhoidal vessels Gilchrist and David^^ noted, m their study ot 
this problem, that 4 of 47 surgical specimens studied showed lateral nodal 
involvement along the superior surface of the levatoi am muscle , these cases 
appeared to have lesions the lower margins of which v ere appi oximately 5 cm 
or more from the anal margin In addition, m one of the two necropsy cases 
that they reported, in both of which the patients died a tew days aftei com- 
bined abdominoperineal resection, there was a single involved node left 
behind, situated about 1 cm lateral to the point of severance of the levator 
am muscle 

Coller, Kay and MacIntyre, w ho hkew ise made an extensive and thorough 
study of metastatic growths in hmph nodes m cases of caicinoma of the 
rectum, also noted good evidence of lateral lymphatic spread occurring m 
cases in wduch the superior route of spread was not blocked Thus, in one of 
their necropsy cases, with a gi ade 2 carcinoma i ight at the anal margin, there 
were only seven nodes involved, all these being along the course of the right 
middle hemorrhoidal artery Also, they pointed out that in seven of their 
19 cases of verj'^ low’-lying rectal cancers there was evidence of nodal involve- 
ment up to the margin of the excision of the levator am muscle, which cer- 
taml)' must be construed as evidence of lateral spiead Fuither these w'ere 
not cases showing choking of the upper lymphatics They further noted that 
in no lesion 111 wdneh the inferior border was 3 cm or more above the mucocu- 
taneous junction (which would probably correspond to a level about 5 cm above 
the anal margin as estimated by proctnscop% ) did they find metastatic grow tbs 
along the lateral zone of spread 

Dafoe also has studied the lateral spread of carcinomas lying w ithin 4 5 
of the pectinate line, in a careful dissection of 100 specimens of such fai- 
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advanced cases He again noted evidence in the removed specimens ot lateral 
spiead, but the piesence of such spiead in these fai -advanced cases has some- 
what less significance than m the less extensive cases studied by some other 
in\ estigators 

In summar}, it is neaily certain that lateral spiead does occur occasionally 
111 those fai -adi anced cases m which theie is blockage of the superior zone of 
spiead It IS fuither very probable, fiom the data recorded in the literature, 
that it also occurs faiily often in less extensive lesions the lower margins of 
which are within 5 oi 6 cm ot the anal inaigin, as estimated by proctoscopic 
examination , and that m point of fact in such instances, it, along with the 
supeiioi zone of spiead, is a normal route of lymphatic metastasis and not an 
abnoimal one taken onl} wdien the so-called normal routes are plugged with 
malignant deposits 

Such lateial spiead beyond the line of lesection earned out by the com- 
bined abdominopei meal opeiation is the probable explanation for the inferior 
prognosis m patients wuth lesions lying wnthin 6 cm of the anal margin In 
lesions tlie lower margins of w’hich w^eie above this level, the lateial zone of 
spread was piobabl) raiely involved, and thus failuie to excise it completely 
in the resection did not lessen the chances foi survival of the patient It is not 
immediately apparent why patients wuth lesions the lower margins of which lay 
3 to 6 cm above the anal inaigin seemed to have a somewdiat poorei prognosis 
than those with lesions m contiguity to the anus, wdien nodes are involved 
These matters have a very practical importance to the surgeon called on to 
treat malignant lesions of the lectum and sigmoid colon, for they influence to 
a great extent his choice of the surgical procedure foi a given patient As 
stated in the opening ot this paper, this has become so since the classic com- 
bined alidominopenneal resection is now challenged in the tieatment both of 
low -1} mg rectal lesions and of rectosigmoidal and sigmoidal lesions 

It is to be noted that the mere occurrence of a less favorable prognosis in 
patients with low -lying rectal lesions does not mean that it is possible to 
improve the prognosis m this group by moie extensive suigical treatment 
Yet, it does become justifiable to inquire if a more radical removal of 
tissue in the region of lateial spread is possible in lesions wuthin 5 or 6 cm of 
the anal margin Dixon*’ has suggested that radical posterior resection, preceded 
by the formation of an abdominal colonic stoma and ligation of the supeiioi 
hemorrhoidal vessels at a first stage, may in fact entail a more thorough 
removal of tissue m this region A study of survival rates in a group of cases 
in w^hich lesions the lower margins of wdiich are wuthin 5 or 6 cm of the anal 
margin are treated by such a resection may help answ^ei this problem, when 
compared to the suivival rates in a similar group treated by the Miles 
operation 

Further, it has in recent years seemed proper to a number of surgeons to 
discard abdominoperineal resection for early or moderately advanced lesions 
the lower margins of which are 1 1 cm or more removed from the anal margin, 
in favor of anterior resection with primary anastomosis It is our opinion 

that this is justifiable, and indeed desirable, on the basis of the data previously 
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referred to concerning lymphatic spread of such lesions The survival rates at 
present available confirm this conclusion 

There remains a boi derline zone, extending from 5 or 6 cm above the anal 
margin to 10 or 11 cm above this point It is very difficult to effect an anasto- 
mosis safely after resection of a growth located in this region , yet the rarity 
of lateral and retrograde spiead in such lesions stiongly suggests that saciifice 
of the perineum and anal sphmcteis is not necessaiy Thus a combined 
abdominoperineal resection with preservation of the anal sphincters^’ has 
seemed to us to be the advisable procedure for growths located in this region 
It should be emphasized, howevei, that the final decision as to whether this 
procedure, segmental resection with lestoiation of intestinal continuity, 01 the 
Miles operation is to be performed in a given case can be made only at the 
operative table after mobilization of the sigmoid, rectosigmoid and upper part 
of the rectum 

A final judgment as to the efficacy of this sphincter-conserving operation 
as well as to that of other operations employed for lesions in this region must 
depend on a carefully controlled comparison between the survival rates allowed 
by them and those procured by the classic combined abdominoperineal resec- 
tion for lesions at comparable levels in the bon el 
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MALIGNANT TUMORS OF THE COLON AND RECTUM* 

R W POSTLETHWAIT, M D 
Winstok-Saiem, N C 

FROM THE DEPARTMENT Or SURGERT DUKE UNIVERSITT 
SCHOOL OF MEDICINE AND DUKE HOSPITAL 

Malignant tumors or thl colon and lectum \\ere found at Duke Hos- 
pital in 441 patients duiing the 15-3 eai peiiod 1931-194S The incidence, 
S3'mptomatolog3^ tieatment and lesults in this giotip have been ana^zed and 
form the basis of this lepoit 

INCIDENCE 

Tabulation b}'^ site, sex, and color is shown in Table I, and by age in 
Table II The fiequenc} of these lesions as compaied wuth the number of 
hospital admissions giadually inci eased until the last five 3feais when the late 
practically stabilized at one patient in every 337 admissions having a malignant 
tumor of the colon or 1 ectum 


history 

Twenty and four-tenths per cent of this group gave a family history of 
malignant tumor The accuracy as to site was fiequently questionable, but 
lesions most commonly occuiied in the stomach, uteius and ceivix, bow^el, 
and skin in that order 

Opeiations perfoimed before coming to Duke Hospital but aftei the onset 
of symptoms wdiich ultimately led to the diagnosis of malignancy were Colos- 
tomy II, ileostomy two, lesection of tumoi five, exploiatoiy lapaiotomy nine, 
appendectomy four, and biopsy of lectal lesion four The infiequency of 
rectal biopsy is emphasized Hemoiihoidectomy 01 lepeated injections for 
hemoirhoids w'ere earned out m 9 pei cent of patients with lesions of the 
rectum 01 lectosigmoid Most suigeiy foi lesions proximal to the lectosigmoid 
had been emergenc}^ pi ocedui es, usualty for intestinal obsti uction 

The duiation of sjmptoms, calculated fiom onset of fiist s3mptom to time 
of reporting to the hospital, aveiaged 87 months foi the entiie gioup, and 
varied fiom 63 months in the hepatic flexuie gioup to ii 7 months foi lesions 
of the splenic flexure In thiee patients small lesions weie found duimg 
operation for causes other than caicmoma and thus weie diagnosed prior to 
the onset of sj'inptoms Much difficult}'^ was encountered in detei mining the 
time of change from a benign lesion to malignancy in patients w ith polyposis 
Table III shows the duration of s3miptoms in each group b}' economic status, 
1 c , ser\ ice or private 

In the detailed consideration of s3mptoms, signs and accessory clinical 
data, the consolidation ot the lesions into three gioups instead of nine appeared 
justified because of the simil arit) of these findings The cecum, ascending 

* Submitted for publicTtion, Julj, 1948 
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colon and hepatic flexuie \\ere grouped as the right colon , the transverse colon, 
splenic flexui e, descending colon, and sigmoid as the left colon , and the recto- 
sigmoid and lectum consideied as the thud group 

The symptoms m each gioup aie shown in Tables IV, V, and VI, and m 
Table VII, the most fiequent symptoms are compaied In two of the left colon 


Table I* — Sttc, 5'ca and Race of 441 Mahgmnt Tumors of Colon and Rectum 

Total Male Female White Colored 


Site 

No 

% 

No 

% 

No 

% 

No 

% 

No 

% 

R 

229 

SI 9 

127 

55 

102 

45 

179 

78 

SO 

22 

RS 

29 

6 6 

18 

62 

11 

38 

27 

93 

2 

7 

S 

63 

14 3 

35 

55 

28 

45 

S3 

84 

10 

16 

DC 

20 

4 5 

6 

30 

14 

70 

19 

95 

1 

5 

SF 

8 

1 8 

7 

87 

1 

13 

6 

75 

2 

25 

TC 

8 

1 8 

3 

37 

5 

63 

6 

75 

2 

25 

HF 

17 

3 9 

10 

59 

7 

41 

IS 

88 

2 

12 

AC 

23 

5 2 

15 

65 

8 

35 

21 

91 

2 

9 

C 

44 

10 0 

30 

68 

14 

32 

40 

91 

4 

9 

Total 

441 


251 

57 

190 

43 

366 

83 

75 

17 


■*(In this and subsequent tables, all abbreviations for site of lesions are R rectum, 
RS, rectosigmoid, S sigmoid, DC descending colon, AC ascending colon, SF, splenic 
flexure, TC transverse colon, HP, hepatic flexure, C cecum ) 




Table II— - 

■DisUibuiton by Age 



10-20 

21-30 

31-40 

1 41-50 

51-60 

61-70 

71-80 

81-90 

R 

1 

9 

24 

36 

60 

77 

18 

4 

RS 

0 

2 

3 

6 

8 

7 

3 

0 

S 

0 

3 

4 

12 

20 

18 

6 

0 

DC 

1 

1 

0 

1 

3 

2 

0 

0 

SF 

0 

1 

2 

3 

5 

6 

2 

1 

TC 

0 

0 

1 

1 

1 

4 

1 

0 

HF 

0 

2 

2 

7 

2 

2 

2 

0 

AC 

1 

0 

2 

2 

9 

7 

2 

0 

C 

1 

3 

3 

8 

13 

11 

5 

0 

Total No 

4 

21 

41 

76 

121 

134 

39 

5 

Total % 

0 9 

4 8 

9 3 

17 2 

27 4 

30 4 

8 9 

1 1 


group and 13 of the rectum and rectosigmoid group, the first s}mptom was not 
clearly enough dififerentiated to permit inclusion In 7 per cent of patients with 
lesions of the right colon and only 5 per cent of those of the left colon, intes- 
tinal obstruction came on rapidly in the absence of eai her symptoms As w ould 
be expected, however, intestinal obstruction (as indicated by constipation, 
nausea, vomiting and distention) was more frequent with left colon lesions 
Of the 84 patients wuth right colon lesions in this series, 23 per cent felt an 
abdominal mass, 29 per cent had marked w'eakness, and the remainder various 
gastro-intestinal complaints Four (5 per cent) patients felt a mass and 12 
( 14 per cent) noted w'eakness, prior to the onset of other symptoms 
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Changes in bowel habit and stool were frequent in all patients, but such 
symptoms predominated in the rectum and rectosigmoid group Blood and 
mucus in the stool, constipation, diarrhea, and more localized symptoms such as 
tenesmus, decreased caliber of stool and rectal fullness occurred repeatedly 
Symptoms of obstruction were not as common as in the left colon group A 
not infrequent history was that of melena lasting only a day or two followed 
by an asymptomatic period of several months before characteristic symptoms 
appeared 


Table III — Duration of Symptoms in Months Pi tor to Reporting to Hospital 



R 

RS 

S 

DC 

SF 

TC 

HF 

AC 

C 

Average 

8 8 

9 4 

8 6 

6 9 

11 7 

8 0 

6 3 

10 1 

8 5 

Service 

9 6 

10 3 

9 6 

6 1 

10 4 

4 0 

6 3 

10 8 

7 1 

Private 

7 3 

8 4 

7 3 

7 4 

IS 0 

8 6 

6 3 

8 6 

9 3 


Table IV — Symptoms in 84 Patients with Lesions of the Right Colon 
Nnmbet in pai entheses indicates frequency as fiist symptom 


Abdominal pain 

62 (48) 

Vomiting 

17 (0) 

Weakness 

24 (12) 

Constipation 

IS (1) 

Melena 

23 (4) 

Diarrhea 

12 (6) 

Nausea 

20 (0) 

Anorexia 

11 (0) 

Abdominal mass 

19 (4) 

Distention 

7 (1) 


Alternating diarrhea and constipation 2 (0) 

Acute obstruction as first symptom 5 


Table V — Symptoms in 99 Patients with Lesions of the Left Colon Number in paren- 
theses indicates frequency as first symptom 


Abdominal pain 

71 (33) 

Alternating diarrhea and con- 


Melena 

S3 (10) 

stipation 


10 (4) 

Constipation 

42 (22) 

Abdominal mass 


10 (3) 

Nausea 

25 (0) 

Mucus in stool 


10 (0) 

Vomiting 

23 (0) 

Tenesmus 


8 (0) 

Distention 

22 (3) 

Anorexia 


4 (0) 

Diarrhea 

20 (12) 

Urinary 


3 (0) 

Weakness 

13 (3) 

Rectal fullness 


2 (0) 

Decreased caliber of stool 

12 (1) 

Aching rectal pain 


1 (1) 

Acute obstruction as first symptom 

s 



Although abdominal pain was the most frequent symptom in both colon 
groups, and fifth most common m the rectum and rectosigmoid group, no 
detailed analysis as to location, severity, character or radiation of the pain was 
made Variation in these manifestations was dependent upon site of lesion, 
degree of obstruction, involvement of other organs, presence of infection^ and 
probably other factors 

In 239 of the 441 records, the amount of weight loss was stated The 
a\erage for this group ixas 25 6 pounds The average loss for 138 of the 258 
patients v ith lesions of the rectum and rectosigmoid was 24 2 pounds, for 57 
of the 99 left colon lesions 24 6 pounds, and for 45 of the 84 right colon lesions 
31 5 pounds (Table VIII) 
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EXAMINATION 

The findings of piincipdl interest on physical examination pertained to 
the abdomen, and Table IX summarizes the most frequent signs Tenderness 
\\as usually found over the site of the lesion and was infrequently severe The 
signs of peritoneal irritation occurred nith complications such as obstruction 
or perforation Distention was a fairly common finding and varied in severity 
depending on the degree of obstruction There were 33 patients classified as 


T\bif VI — Syvipioins in 258 Patients with Lesions of the Rectum and Rectosigmoid 
NiimbLi in pai cnthcscs indicates fiequency as fir^t symptom 


Melena 

220 (80) 

Aching rectal pain 

20 (14) 

Constipation 

115 (62) 

Inability to empty 

15 (0) 

Tenesmus 

77 (10) 

Urinary 

14 (0) 

Diarrhea 

73 (40) 

Distention 

13 (0) 

•Vbdominal pain 

68 (18) 

\lternating diarrhea and con- 


Mucus in stool 

60 (3) 

stipation 

12 (4) 

Decreased caliber stool 

58 (3) 

■knoreaia 

7 (0) 

Weakness 

23 (6) 

Nausea 

7 (0) 

Rectal fullness 

23 (5) 

Vomiting 

7 (0) 



Abdominal mass 

3 (0) 

- 

Table VTI — A Conipai tson 

of the Five Most Frequent Symptoms ii 

! Each Group 

Rectum and Rectosigmoid 

Left Colon Right Colon 

(258 Patients) 

(99 Patients) (84 Patients) 

Melena 220 (85%) 

^.bdominal pain 

71 (72%) Abdominal pam 

62 (74%) 

Constipation 115(46%) 

Melena 

S3 (53%) Weakness 

24 (29%) 

Tenesmus 77 (30%) 

Constipation 

12 (42%) Melena 

23 (27%) 

Diarrhea 73 (28%) 

Nausea 

25 (25%) Nausea 

20 (24%) 

Abdominal pain 68 (26%) 

Vomiting 

23 (23%) Abdominal mass 

19 (23%) 




Table VIII — i 

Weight Loss 

III Pounds 




5-20 

21-40 

41-60 

61-80 

81-100 


Rectum and rectosigmoid 72 (52 2%) 
Left colon 32 (56 1%) 

Right colon 15 (33 4%) 

50(36 4%) 

17 (29 9%) 
19(42 3%) 

9(6 5%) 
4(7 0%) 
7(15 5%) 

5 (3 6%) 
4(7 0%) 

2 (4 4%) 

2(1 5%) 

0 

2 (4 4%) 


completely obstructed who required immediate suigical intervention or, in a 
fev instances, prolonged nonoperative treatment to relieve the obstruction 
An abdominal mass was more often palpable in lesions of the right colon 
than elsewhere 

Of 229 cases of rectal malignancy, the lesion was felt by digital examina- 
tion in 222, not felt but seen by proctoscopy m five, and no examination was 
recorded in two Details regarding the lesion were recorded with variable 
accuracy The mass was described as movable in 36 and fixed in 54 In posi- 
tion, it was on the right m eight, left 111 13, anterior in 26, posterior in 23, and 
encircled the rectum in 64 

Complicating and intercurrent diseases were found as follows Hyperten- 
sive vascular disease 82, cardiac disease wnth decreased reserve 24, obesity 20, 
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diabetes three, pulmonary tuberculosis one, bronchiectasis one, hyperthyroid 
ism one, chronic alcoholism one, and senile dementia one Generalized arterio- 
sclerosis, benign prostatic hypertrophy, secondary anemia, and similar diag- 
noses were not tabulated 

The extent of the laboratory examinations depended on the indications, but 
all patients had at least hemoglobin, white blood cell count, blood serology, and 



3-49 


5-69 7-89 9-109 11-129 13-149 15-17 

Fig I — Hemoglobin determinations 


urinalysis The hemoglobin determinations (Sahh) are shown in Figure i 
The anemia was more severe in lesions of the right colon The percentage of 
patients who had less than 9 o Gm of hemoglobin was 13 per cent for rectum 
and rectosigmoid, 17 pei cent foi left colon, and 34 per cent for right colon 
Stool examination for occult blood \\as nearly alvays positive when done Of 
212 patients who had lesions of the rectosigmoid or colon, the stool was positive 
for occult blood in 78 of the 92 examined 

The radiologic findings i\ere positive by barium enema in 8i per cent of 
right colon lesions and 88 per cent of left colon lesions Of the 99 patients with 
right colon lesions 37 shon ed some degree of obstruction and 44 an irregularity 
or other alteration which vas either diagnostic or highly suggestne of iiialig- 
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nancy Of the 84 lesions of the left colon, 21 showed some degree of obstruc- 
tion and 53 an inegulaiity The majority of the lemainmg patients did not 
have baiium enema visualization of the colon, usually because of complete 
obstruction or obvious diagnosis In non-obsti ucting lesions of the rectum and 
rectosigmoid, barium enema n as given to rule out a second lesion in the colon 


Table IX — E\ammatiott of Abdoiiieiij Positive Findings 

Rectum and 

RectObigmo d Left Colon Right Colon 


Tenderness 31 (12%) 26 (26%) 18 (21%) 

Distention 34 (13%) 28 (28%) 13 (15%) 

Palpable mass 17 (7%) 35 (35%) 58 (69%) 


Table X — Opciative Pi occditres m 316 Patients 



R 

RS 

S 

DC 

SF 

TC 

HF 

AC 

C 

Palliatiie 










Colostomy 

Ileostomy 

53 

5 

14 

1 

2 




1 

By-pass 

- 



1 

1 

2 

2 


8 

Resection 

2 

1 

5 

1 




1 


Exploration only 
Preliminary 

6 

3 

3 

4 


1 

1 

1 

7 

Colostomy 

8 

2 

7 

3 

1 





Cecostomy 

Definitue 



1 

4 






Resection and anastomosis 

1 

3 

13 

6 

4 

2 

10 

10 

20 

Exteriorization 


2 

IS 

5 

1 

3 




Combined resection 

72 

6 

2 

1 






Miscellaneous 

5 

1 

1 








Table XI — Resectability in 441 Patients^ Detei mined by Pet centage of Total Patients, 
Patients Admitted and Patients Opeiated Upon 



R 

RS 

S 

DC 

SF 

TC 

HF 

AC 

C 

' 

Total patients 

34 1 

41 4 

49 2 

60 0 

62 5 

62 5 

58 8 

43 5 

45 5 


Patients admitted 

40 4 

42 9 

50 8 

60 0 

62 5 

62 5 

58 8 

45 5 

48 8 


Patients operated 

54 5 

54 5 

56 4 

63 1 

62 5 

62 5 

76 8 

83 3 

55 5 



COURSE OF PATIENTS 

Three hundred and ninety-eight of the 441 patients weie admitted to the 
hospital Of the 43 patients not admitted, 16 elected to go elsewhere for treat- 
ment, ten refused admission, eight asked foi deferred admission but did not 
return, and two came foi irradiation therapy onl}^ Seven patients w^ere 
obviously inoperable and weie sent home foi terminal care 

Three hundred and sixteen of the 398 patients wdio w^ere admitted had a 
total of 335 major operations (closuie of colostomy not included) The course 
of the 82 patients not operated upon was as follows Twenty-six patients w^ere 
inoperable and were discharged (colostomy not indicated), and ten were 
inoperable and died in the hospital The two most frequent causes of inoper- 
ability were a fixed lesion with frozen pelvis and a large nodular liver 
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Operation was not performed m six patients because of severe cardiovascular 
disease Thirty-three patients refused operation and four patients were given 
irradiation only Three patients thought to be operable died prior to operation, 
two of urinary tract infection (not due to obstruction by tumor), and one of 
peritonitis following perforation of the malignancy 

preoperative care 

The most important factors determining preoperative procedures were 
(i) degree of obstruction, (2) alterations of nutrition and chemical balance. 


Table Xll — Lymph Node Metastases tn Resected Lesions The questionable nodes weie 
those not mentioned in the pathologic report, or not available for study as in the limited 

rectal tumor lesections 



R 

RS 

S 

DC 

SF 

TC 

HF 

AC 

C 

Nodes positive 

23 

4 

8 

2 

1 

0 

1 

3 

6 

Nodes negative 

28 

S 

13 

5 

3 

4 

4 

3 

8 

Nodes questionable 

27 

3 

10 

5 

1 

1 

S 

4 

6 


Table XIII 

— Postoperative Deaths Which Followed Exploration or 

Palliative Procedure 

No 

Year 

Site 

Age 

Sex 

Operation 

Cause 

PO 

Day Autopsy 

1 

1939 

R 

66 M 

Colostomy 

Peritonitis 

20 

No 

2 

1940 

R 

22-M 

Colostomy 

ShocL and infection 

3 

No 

3 

1941 

R 

83-F 

Colostomy 

Widespread metastases 

6 

Yes 

4 

1942 

R 

73 M 

Colostomy 

Cardiac failure 

19 

No 

S 

1943 

R 

68-F 

Colostomy 

Pulmonary embolus 

8 

No 

6 

1943 

R 

40 F 

Exploration 

Peritonitis 

2 

Yes 

7 

1944 

R 

60-M 

Colostomy 

Cerebral vascular accident 

12 

No 

8 

1937 

RS 

SO F 

Cecostomy 

Obstruction and chem imbal 26 

No 

9 

1937 

RS 

6S-M 

Combined 








Resection 

Peritonitis 

10 

No 

10 

1935 

S 

42-M 

Resection 

Pneumonia 

8 

No 

11 

1942 

S 

40-F 

Exploration 

Hepato-Renal syndrone 

32 

No 

12 

1938 

DC 

42-M 

Resection 

Peritonitis 

17 

Yes 

13 

1941 

DC 

71-M 

Exploration 

Pneumonia 

10 

No 

14 

1944 

DC 

67-F 

Exploration 

Obstruction 

SO 

No 

IS 

1934 

TC 

66-M 

Ileocolostomy 

Pneumonia 

2 

No 

16 

1940 

HF 

43 M 

Ileocolostomy 

Peritonitis 

9 

Yes 

17 

1934 

C 

23 M 

Ileocolostomy 

Peritonitis 

37 

Yes 

18 

1936 

C 

47-M 

Ileocolostomy 

Peritonitis 

17 

No 

19 

1939 

c 

61-M 

Ileocolostomy 

Widespread metastases 

14 

Yes 

20 

1943 

c 

38 F 

Exploration 

Shock and hemorrhage 

1 

Yes 


and (3) concur lent disease The treatment of the intestinal obstruction 
depended on its severity Whereas most patients on a low residue intake were 
adequately decompressed by repeated enemas with or without the aid of a 
Miller-Abbott tube, some required a cecostomy or colostomy The attainment 
and maintenance of an empty bon el both preoperatively and postoperatively 
was considered the most important single factor in the recovery of these 
patients A sulfonamide, usually sulfasuxidine, was routinely employed for 
several days before operation and penicillin was administered for 48 hours 
preoperatively after these preparations were available Streptomycin was not 
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given to any patient in the gi oup under consideration Alterations m fluid and 
electrolyte balance, hypoproteinemia, vitamin deficiency, and anemia were 
ascei tamed by histoiy, physical and laboratory findings, and corrected by 
appropriate measures 


Table XIV 

— Postopeiative 

Deaths Pollowing Preliminary Colostomy fot 

Obstruction 

No 

Year 

Site 

Age 

Sex 

Operation 

Cause 

P 0 

Day Autopsy 

1 

1936 

R 

39-M 

Colostomj 

Peritonitis 

12 

No 

2 

1938 

R 

48-M 

Colostomj 

Peritonitis 

8 

No 

3 

1940 

R 

62-F 

Colostomj 

Peritonitis 

3 

No 

4 

1942 

R 

52-M 

Colostomy 

Uremia 

4 

No 

5 

1932 

RS 

2S-M 

Colostomy 

Pneumonia 

10 

No 

6 

1941 

S 

SS-F 

Colostomy 

Peritonitis 

4 

Yes 

7 

1944 

S 

73-F 

Colostomy 

Pulmonary embolus 11 

No 

8 

1944 

DC 

80-F 

Colostomy 

Cardiac failure 

8 

No 


Table XV — Posfopctattvc Deaths FoUoivmg Rcsecitons Opeiaftous abhicviated as 
foUozvs Abd-per — combined abdominopei meal lescchon, Obs-ies — obstructive resection, 
Res -ana — lesection and pumaiy anastomosis, and Rt -col — light colon resection with 

ileoti ansvei se colostomy 


No 

Year 

Site 

Age 

Se\ 

Operation 

Cause 

P 0 

Day Autopsy 

1 

1933 

R 

62-F 

Abd-per 

Peritonitis 

14 

No 

2 

1937 

R 

58-M 

Abd-per 

Peritonitis 

6 

Yes 

3 

1937 

R 

68-M 

Abd-per 

Pneumonia 

11 

No 

4 

1941 

R 

S3-M 

Abd-per 

Pulmonary embolus 

5 

Yes 

S 

1941 

R 

50-M 

Abd-per 

Peritonitis 

12 

No 

6 

1942 

R 

68-M 

Abd-per 

Uremia 

4 

No 

7 

1943 

R 

S4-F 

Abd-per 

Pulmonarj' embolus 

1 

No 

8 

1943 

R 

70-M 

Abd-per 

Cerebral vascular accident 

3 

Yes 

9 

1943 

R 

64-M 

Abd-per 

Cardiac failure 

4 

No 

10 

1943 

R 

SO-F 

Abd-per 

Hemorrhage and shock 

3 

No 

11 

1944 

R 

68-r 

Abd-per 

Cardiac failure 

5 

No 

12 

1944 

R 

60-M 

Abd-per 

Pneumonia 

8 

No 

13 

1934 

RS 

62-F 

Abd-per 

Cerebral vascular accident 

2 

No 

14 

1939 

RS 

52-M 

Coffey 

Peritonitis 

3 

Yes 

15 

1940 

RS 

75-M 

Abd-per 

Cerebral vascular accident 

6 

No 

16 

1933 

S 

5S-F 

Obs-res 

Peritonitis 

5 

Yes 

17 

1934 

S 

63-F 

Obs-res 

Obstruction and chem imbal 

11 

Yes 

18 

1938 

S 

26-M 

Obs-res 

Pneumonia 

6 

No 

19 

1939 

S 

64-M 

Obs-res 

Pneumonia 

10 

Yes 

20 

1941 

s 

47-M 

Obs-res 

Peritonitis 

11 

Yes 

21 

1945 

S 

61-M 

Obs res 

Peritonitis 

11 

No 

22 

1938 

DC 

6S-M 

Obs-res 

Chemical imbalance 

17 

No 

23 

1944 

DC 

83-F 

Res -ana 

Cardiac failure 

6 

Yes 

24 

1934 

SF 

63-M 

Res -ana 

Peritonitis 

8 

Yes 

25 

1944 

TC 

71-F 

Res -ana 

Shock following plasma 

5 

No 

26 

1933 

C 

54-M 

Rt -col 

Pneumonia 

11 

No 

27 

1935 

C 

64-F 

Rt col 

Hemorrhage and shock 

I 

No 

28 

1936 

C 

67-M 

Rt -col 

Peritonitis 

9 

No 

29 

1941 

C 

75-F 

Rt -col 

Pulmonary embolus 

29 

Yes 


OPERATIONS 

The various surgical procedures carried out are shown m Table X Explor- 
ation alone and various palliative procedures were performed in 126 patients 
The majority of these patients had a colostomy Ileotransverse colostomy ivas 
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peifoimed in 13, palliative resection in ten, and colocolostomy in one Points 
of invasion and inetastases either alone or in combination in these 126 patients 
were as follow s Invasion of pelvic or abdominal wall, 54 , metastases to liver, 
38, invasion of the urinary bladder, 31, peritoneal implants, 26, abdominal 
carcinomatosis, 14, periaortic lymph node enlargement, ii, and invasion of 
small bowel, 6 Although liver metastases or bladder invasion did not neces- 
sarily contraindicate resection, hope for cure could obviously not be held 
Preliminary decompiessmg operations were performed in 26 patients, usually 
as an emergency procedure, prior to a later attempt to resect the lesion 

Operations wduch justified a reasonable hope for cure are shown in Table 
X under definitive proceduies The combined resections were the one-stage 
combined abdominoperineal resection (the Miles procedure) Of the miscel- 


Tabld XVI — Summaiy of Postopei aUve Moitahty 


Palliative Postoperative Preliminary Postoperative 

Operations Deaths Operations Deaths Resections Deaths 


R 

61 


7(11%) 

8 


4 (50%) 

78 

12 (15%) 

RS 

9 


2 (22%) 

2 


1 (50%) 

12 

3 (25%) 

S 

22 


2 (9%) 

8 


2 (25%) 

31 

6 (19%) 

DC 

7 


3 (43%) 

7 


1 (14%) 

12 

2 (17%) 

SF 

3 


0 

1 


0 

5 

1 (20%) 

TC 

3 


1 (33%) 




5 

1 (20%) 

HF 

3 


1 (33%) 




10 

0 

AC 

2 


0 




10 

0 

C 

16 


4 (25%) 




20 

4 (20%) 

Total 

126 


20 (15 9%) 

25 


8 (30 8%) 

183 

29 (IS 8%) 


Table XVII — 

Postopei ative Moitahty Dm mg 

the Thiee 

Pei tods from 1931 to 1945 



Palliative 

Preliminary 





Operations Mortality 

Operations Mortality 

Resections 

Mortality 

1931-35 


21 

14% 


3 

33% 

22 

32% 

1936-40 


50 

16% 


11 

27% 

51 

16% 

1941-45 


55 

16% 


12 

33% 

no 

13% 


laneous piocedures, two had local excision of rectal lesions as they refused 
more extensne resection One had preliminary colostomy follow'ed by resec- 
tion and anastomosis thiough a posterior perineal approach Two others had 
prehminai} colostomy follow'ed by perineal resection of the rectal lesion, and 
implantation of the distal loop into the vagina One rectosigmoid lesion was 
removed b} a modified Coffey procedure One patient with polyposis and 
malignant change in the sigmoid had a resection from mid-transverse colon to 
lower sigmoid The proximal loop was brought out as a colostomy and the 
distal loop turned in 

The resections for lesions of the hepatic flexure, ascending colon and cecum 
extended from the terminal ileum to tiansverse colon, continuit}'^ being re-estab- 
lished b} ileotransverse colostomy For lesions of the transverse colon, splenic 
flexure descending colon and sigmoid, primary resection and anastomosis and 
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exteriorization pioceduies were employed m about the same number of patients 
Moie recently, however, piimaiy lesection and anastomosis w^as usually per- 
formed A closed two-layer anastomosis wuth silk w^as commonly employed 
Open anastomosis was mfiequently carried out 

In a number of patients, lesection of adjacent structuies was necessary 
because of tumoi invasion These included small bowel, stomach, abdominal 
wall, gallbladdei, ureter, urinary bladder, vas defeiens, uterus, tubes, and 
ovaries Among the unusual opeiative findings, four cases merit comment 
In three patients, two wuth sigmoid and one with cecal carcinomas, intussus- 
ception was present The fourth patient had an adenocarcinoma of the cecum 
which had caused obstruction at the ileocecal r^alve This had been partially 
relieved b}’’ a spontaneous ileocolic fistula 


Table XVIII — The Results m 126 Palhattve Opetattous Aveiage smvival and survival 

lauge m mouths 



Lost to 

Total Died in FoIIow- 

Operations Hospital up 

Total 

Fol- 

lowed 

Living 

Dead 

Average 

Survival 

Survival 

Range 

R 

61 

7 

1 

S3 

1 

52 

13 

1-80 

RS 

9 

2 

0 

7 

1 

6 

11 

2-33 

S 

22 

2 

1 

19 

1 

18 

7 

2-25 

DC 

7 

3 

0 

4 

0 

4 

7 

1-14 

SF 

3 

0 

0 

3 

0 

3 

6 

1-15 

TC 

3 

1 

0 

2 

0 

2 

12 

2-23 

HF 

3 

1 

0 

2 

0 

2 

S 

3-7 

AC 

2 

0 

0 

2 

0 

2 

7 

2-13 

C 

16 

4 

0 

12 

0 

12 

4 

1-13 


RESECTABILITY 

In Table XI are showm the percentage of patients in w^hom the lesion was 
resected wuth reasonable hope of cuie Preliminary decompressing operations 
were omitted from the calculations Resectability may be expressed as per- 
centage of patients seen, of patients admitted to the hospital, or patients recom- 
mended for operation, or of patients subjected to operation, the latter being 
the most frequent form It seems apparent that resectability expressed as per- 
centage of resections among total patients seen would give the most comparable 
and accurate statistics, as this wmuld probably represent the best index of 
the wnllmgness and ability of the surgeon to extend help to the poorer risks 
It might also indicate progress in early diagnosis of these lesions By careful 
choice of patients, the other three expressions of resectability could be extended 
to high percentages, and reflect selectivity rather than resectability For com- 
parison, the table show’’s resectability computed as indicated 

Based upon the entire group, resectability w^as slightly higher m white than 
colored, and appreciably higher m the female than male It w'as slightly 
greater m those under 6o years than those over this age 

Pathology All the resected lesions and the inoperable tumors from which 
a biopsy w^as obtained w^ere adenocarcinomas with four exceptions One cecal 
and two rectal tumors w'ere lymphosarcomas, and one cecal lesion was an 
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unclassified sarcoma These will be considered separately in the follow-up 
studies The lesions were not graded or classified The importance of lymph 
node metastases is generally recognized Unfortunately, in a substantial number 
of pathologic reports the presence or absence of lymph nodes was not men- 
tioned (as noted in Table XII) thus detracting from the value of this phase 
of the analysis Four squamous cell carcinomas of the anus were found during 
the study but were not included 

Postopetatwe Complications The non-fatal complications included 13 
wound infections and two wound disruptions Ten patients developed intestinal 
obstruction, thiee had peritonitis, and one postoperative hemorrhage Thrombo- 
phlebitis occurred 1 1 times and pulmonary embolus l^wice Seven patients had 
atelectasis or pneumonia Cardiac failure and unexplained pleural effusion 


Table XIX — The Results in 183 Resections from 1931 to 1945 Inclusive, the Follow-up 
Peiiod Closing April 1947 The living aie survivors for 16 months to 17 years 



Total 

Resections 

Died m 
Hospital 

Lost to 
Follow up 

Total 

Followed 

Dead 

Living 

R 

78 

12 

3 

63 

24 

39 

RS 

12 

3 

0 

9 

4 

5 

S 

31 

6 

1 

24 

8 

16 

DC 

12 

2 

1 

9 

4 

5 

SF 

S 

1 

0 

4 

2 

2 

TC 

5 

1 

0 

4 

3 

1 

HF 

10 

0 

2 

8 

3 

5 

AC 

10 

0 

0 

10 

5 

5 

C 

20 

4 

1 

15 

S 

10 


Table XX — The Five Year Survivals for Resections Pei formed 1931 Through 1940 


Total Died in 


5 Year Survivors 


Resections Hospital Living Dead % 


R 

26 

3 

11 

4 

57 7 

RS 

8 

3 

3 

0 

37 5 

S 

10 

4 

5 

0 

SO 0 

DC 

7 

2 

2 

0 

28 6 

SF 

4 

1 

1 

0 

25 0 

TC 

2 

0 

1 

0 

50 0 

HF 


0 

1 

1 

40 0 

AC 

6 

0 

I 

0 

16 6 

c 

9 

3 

3 

0 

33 3 


were present once each Parotitis occurred in three patients Two patients 
had a perineal urinary fistula, and one had persistent though not incapacitating 
urinary difficulty because of an atonic bladder following combined abdomino- 
perineal resection Urinary bladder disturbance and infection were fairh 
frequent in minor degree and were not tabulated Cerebral vascular accident 
occurred twice Two transfusion reactions were recorded One patient, 
admitted because of thyrotoxicosis, suddenly became obstructed completely b) 
a pre\ lousli as\ mptomatic carcinoma of the transverse colon Thyroid crises 
followed operation for the carcinoma but responded to treatment after four dais 
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OPERATIVE DEATHS 

Included in this group die all deaths which occuried in the hospital at or 
following opeiation Tables XIII to XVII summaii^e all these deaths so 
that only brief comment is necessary 

Of consideiable interest are the deaths due to peiitomtis, which caused 35 
per cent of the postoperative moitahty Four instances of peritonitis were due 
to leak at the suture line, in six the bowel was entered with gross soiling 
during the piocedure, m another six, leakage and intrapeiitoneal soiling 
occurred at the site of the colostomy , and in four, various other causes resulted 
in the infection Fom of these deaths followed preliminary colostomy for 
obstruction, and two follow^ed attempted exteriorization for sigmoid lesions 
performed in the presence of marked distention 

It seems apparent from these deaths that the following principles should 
be re-emphasized First, a satisfactory anastomosis cannot be performed if 
certain cardinal points are not obsen^ed, ? e , adequate blood supply, absence 
of tension, non-stiangulatmg sutures, accurate approximation, and pieopera- 
tive decompression of the bow'el Second, meticulous dissection must be car- 
ried out to avoid entering the bowel, paiticularly in the presence of marked 
inflammatory reaction Third, an adequate blood supply is as necessary to 
both loops of a colostomy as to the anastomosed limbs of bow^el Fourth, 
parietal peritoneum and bowel w'all cannot be sutuied to hold up a colostomy 
loop without danger, and the colostomy loop should not be under tension 
Fifth, definitive surgerj should not be attempted in the presence of distention 

The mortality rate in 78 one-stage combined abdominoperineal resections 
for tumors of the rectum and rectosigmoid w'as 179 per cent, 111 26 exterior- 
izations (obstructive resections) for lesions of segments fiom the transverse 
colon to the rectosigmoid, 29 6 per cent , m 28 resections with primary anasto- 
mosis in the same sites 107 per cent, and in 40 right colon resections foi 
lesions of the cecum, ascending colon, and hepatic flexure, 10 o per cent 

RESULTS 

In the follow^-up studies, deaths w^ere due to the malignancy unless other- 
wise noted The living w'ho had resections were without knowm recurrence 
unless so stated The results following palliative operations are shown in 
Table XVIII One patient with a carcinoma of the rectum was still living after 
18 months, one with a rectosigmoid lesion, 16 months, and one with a sigmoid 
tumor, 27 months 

The results in 183 definitive resections are shown in Table XIX Three 
patients with rectal lesions died of other disease, one of melanosarcoma, one of 
cerebrovascular accident and one of unknowm cause Of the patients wdio had 
resection for sigmoid tumors, one died of pneumonia and streptococcal 
empyema, and one patient w^as living with recurrence In the hepatic flexure 
group, one died 13 years and seven months after resection, the cause w^as an 
undifferentiated carcinoma of the kidney , and the patient had a radical mastec- 
tomy for carcinoma of the breast m the interim Tw^o other patients in this 
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group were luing with recuiience One of the patients who had an ascending 
colon lesion was leadinitted thiee years after lesection wnth intestinal obstruc- 
tion He failed to respond to nonoperative measures, and at exploration no 
cause for the obstiuction and no recurrence could be found His symptoms 
subsided rapidly after operation, but he expired, apparently of a pulmonary 
embolus No autopsy could be obtained Tw^o patients died of other causes 
following resection for caicmoma of the cecum, one of a coronary occlusion 
one month after discharge, and one of a malignancy of the tonsil two years 
later The tw o patients w ith lymphosarcoma of the rectum w^ere not operated 
upon One died preoperatively of urinary tiact infection and uremia The 
other was given ii radiation therapy and died of a cerebi ovascular accident 33 
months later The patient wuth lymphosarcoma of the cecum was living 10 
\cais after resection, and the patient with the unclassified sarcoma of the 
cCLuni was living four and one-half years after operation 

CONCLUSIONS 

1 Early diagnosis of malignant lesions of the colon and rectum is one of 
the most important factors in increasing resectability Such early diagnosis 
depends piimarily on adequate investigation, mainly by simple, readily avail- 
able means, when suspicious symptoms such as change m stool 01 bowel habit 
and abdominal pain are encounteied 

2 Intestinal obstruction is a complicating factor requiring careful con- 
sideiation and individualized treatment 

3 Appropriate measures must be utilized preoperatively to correct fluid 
and electi ol} te balance, hypoprotememia, vitamin deficiency, and anemia 

4 Improved surgical technic, blood replacement at opeiation, better anes- 
thesia, the antibiotic and chemotherapeutic agents and gastro-intestinal intuba- 
tion arc advances in tieatment which have decreased moibidity and mortality 

5 Resection and primary anastomosis for lesions of the colon, and com- 
bined abdominoperineal resection for tumors of the rectum are at present the 
procedures of choice at this hospital 

Xotc The author washes to express his gratitude to Dr Deryl Hart for his help 
and encouragement during this stud) 
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THE MANAGEMENT OF MASSIVE GASTRODUODENAL 

HEMORRHAGE* 

Frederick H Amendola, M D , F A C S 

Nt^^ York, N Y 

FROM THE SURGICAL SERMCE OF THE ROOSEVELT HOSPITAL, NEW \ORK, N Y 

The term massive hemorrhage implies rapidly progressive exsanguma- 
tion and if its use weie lestncted to the description of a very specific clinical 
pictuie, much of the confusion and conflict of ideas on the subject might be 
avoided 

Hemorrhages fiom gastric oi duodenal ulcer are commonly mild or mod- 
erate in severity and, in most instances, pioduce melena without hematemesis 
Two ounces of blood are sufficient to pioduce a tairy stooU Yet a pint of 
blood may be lost into the intestine over a period of several hours without 
producing any clinical symptoms v hatever The designation "Massive Hemor- 
rhage,’ how ever, should be applied to a rapid loss of blood of such proportions 
as to cause unmistakable hemorrhage shock 

PATHOLOGY 

Gastric, duodenal, and anastomotic ulcer are responsible for approximately 
85 per cent of the gross hemorrhages fi 0111 the upper digestive tract The 
fatal type of bleeding usually originates in a posterior penetrating duodenal 
ulcer or a penetrating ulcei of the lesser curvature of the stomach While 
persistent slow^ bleeding generally comes fiom an erosion of the smaller 
arteries and veins of the submucosal plexus, massive hemorrhage is mvaiiably 
arterial in origin and follow's erosion of vessels of large calibre, usually the 
superior pancreaticoduodenal or the right 01 left gastric aiteiies or their major 
branches In the base of the ulcer crater, as exposed at operation or autopsy, 
one finds the eroded stoma of a thickened sclerotic artery It may be partly or 
completely occluded by a clot Fixed in surrounding dense scar tissue the 
eroded vessel cannot retract, thus defeating nature’s most efficient mechanism 
for arterial hemostasis As the occluding clot is digested or dislodged, the 
bleeding recurs Occasionally no ulcer is found in the specimen and the source 
of bleeding may be invisible to the naked eye In tw^o of our cases the bleeding 
vessel, without any gross ulceration, w^as found concealed between adjacent 
folds of mucous membrane Heuer^** reported a fatal case in which the 
pathologist, failing to find any erosion of the mucosa of the stomach or duo- 
denum, injected the gastric artery wnth saline from a pressure bottle and 
observed a jet of fluid from the mucosal lining Serial sections of the area 
showed a small ruptured aneurysm concealed by overlying mucosal folds 

The effects of severe acute anemia and sustained hypotension upon various 
organs and tissues are well knowm but deserving of comment, and are worthy 
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of more emphasis than they have received The immediate effect of a rapid 
diminution in blood volume and hypotension may be acute ciiculatory failure 
or acute forward failure of the heart When the blood pressure falls below a 
ceitam ciitical level the vasoconstrictor center, suffering from impaired blood 
supply, becomes weakened and loses its tone, resulting m further decline in 
blood pressuie The medullaiy centeis may become irreparably damaged as a 
result of inadequate nutrition Ptolonged hypotension with qualitative as well 
as quantitative alterations m the circulating blood will produce changes of a 
serious nature in all of the vital organs Cerebral anemia leads to cerebral 
anoxia manifested by stupor, dulling of the sensorium, and coma Convulsions 
may be observed and a bilateral or unilateral Babinski sign may be found 
Damage to the heait is indicated b}' the development of embryocardia or gallop 
rhythm with rapid appearance of pulmonary edema and death The patient 
may complain of anginal pain, the result of acute coronary insufficiency, and 
such insufficiency may result m localized areas of necrosis or even gross 
myocardial mfaiction The prolonged fall in blood pressure leads to diminished 
glomerular filtiatioii with oliguria, anuria, rise in blood urea nitrogen and 
non-protein nitrogen, albuminuria, cylmduna and hematuria Disturbances in 
the acid base balance of the blood may occur with hyponatremia, hypochloremia, 
and increased seium potassium and carbon dioxide combining power 

It is well known that severe gastroenteric bleeding produces a marked 
elevation of the blood ui ea nitrogen in eight to ten hours Clinical observation^ 
and recent experimental investigations^® have shed much light on the patho- 
genesis of this biochemical change The anemia per se does not seem to be a 
factor Most important are the absoiption of digested blood proteins and the 
prolonged fall in blood pressure Either of these factors alone will produce an 
appreciable elevation but the combined effect of both will result in a liighei 
azotemia of longei duration Knowledge of the degree of azotemia in gastro- 
enteric hemorrhage is of valuable clinical help since a sustained rise in blood 
urea nitrogen, in the absence of severe dehydration or pre-existing kidney 
pathology, is usually indicative of persistent bleeding The blood urea nitrogen 
remains elevated for only 24 to 36 hours following one episode of bleeding 
It has been shown experimentally^® and observed clinically® that marked 
hyperazotemia with s> mptoms 1 esemblmg uremia may follow sustained hypo- 
tension in severe gastro-mtestinal hemorrhage and may terminate fatally We 
have one instance of this among our fatal cases A blood urea nitrogen above 
100 milligrams is a very serious prognostic sign 

MORTALITY 

A patient with massive gastroduodenal hemorrhage gives a history of 
sudden weakness, dizziness, or syncope followed immediately and almost 
invanabl} by vomiting of a large amount of blood, sometimes a loose tarr) 
stool, but often both He is pale, cold and sw^eating, slightly cyanotic, restless 
and complaining of thirst The pulse is small and rapid, often above 120, the 
systolic pressure below 90 Blood counts and hemoglobin estimations are low 
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though not necessai ily an accurate index of the magnitude of blood loss at this 
stage, but clinical evaluation indicates an alairaing acute anemia 

With a pictuie so piecise and so characteiistic one should expect a reason- 
able confoimit} in lecoided moitaht} risks Yet, a leview of a large number 
of reports coiiceined with both medical and suigical management reveals 
variations in moitahty fiom i to 40 pei cent The discrepancy must indicate 
that the authois neie lepoitmg senes of cases which weie not comparable 
Gross hemorihage of mild degiee has otten been placed m the same category 
with massive hemoiihage Many lepoits make no attempt to segregate 
patients into age gioups and yet age, as will be shown latei, is a most impoi- 
tant prognostic factor Combined leports of operative and non -operative man- 
agement often fail to mention the stage at wdiich surgeiy was performed 01 
the t}pe of operative proceduie employed Many reports on expectant treat- 
ment exclude from their tables the deaths followung operations perfoimed 
after piolonged conseivative management had failed to stop bleeding Insti- 
tutions differ m the type of clinical material admitted, a hospital with an 
emergenc} ambulance seivice obvioush' leceived a higher proportion of the 
severei hemorrhages Hospital mortality figures, of couise, do not include 
patients w’ho succumb to bleeding at home, and they will occasionally exclude 
the patient who succumbs in the emergency room before actual admission to 
the w’aid is effected 

Hematemesis is almost a constant finding m acute exsanguinating hemoi- 
rhage from penetrating duodenal ulcei and, as conceded by Meulengracht,^® 
is of far more seiious piognostic importance than melena Yet, in a recent 
analysis by Eads,^^ reporting a moitahty of 2 3 pei cent in 129 patients treated 
medically foi massn e gastro-mtestinal bleeding, there are included 94 duodenal 
ulcer patients, onl} four of whom vomited blood A low hemoglobin and 
er3’’thoc)Te count certainly mean bleedings of significant proportions, but they 
are not necessarily indicative of hemorrhage of the acute profuse type which 
the term massive implies and 111 wdiich there is an immediate tlireat to life 

Evaluation of the statistics wJiich appear m the literature is consequently 
discouraging and difficult and unless reports are subjected to a most critical 
anal} SIS erroneous and dangerous deductions may easily be made How'^ever, 
there seem to be several significant observations on wdiich there is more or less 
general agreement 

The mortality risk of hemorrhage from ulcer increases w ith the age of the 
patient In individuals undei 45 years of age the risk is obviously smaller 
though perhaps not nearly as slight as some reports imply Bohrer^ analyzed 
548 carefully documented cases of severe acute bleeding treated conservatively, 
all patients having a hemoglobin of 35 per cent or less and a red cell count of 
2 million or less The combined mortality of all age groups was 167 per cent 
Bleeding gastric ulcer above age 45 show^ed a mortality of 28 7 per cent , below 
the age of 45 the risk was 20 per cent Bleeding duodenal ulcer w^as fatal in 
22 per cent above age 45, and in 6 per cent below- age 45 This last figure, 6 
per cent, is difficult to reconcile w ith the widespread belief that the risk to life 
of hemorrhage from ulcer in the younger group is negligible 
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Hanson and Pederson^'^ found that of 393 patients uith fatal hematemesis 
and melena in Copenhagen hospitals during the peiiod 1915-1937, 13 per cent 
were under 40 years of age Heuer/° in analyzing the reviews of Holman, 
Cliffton, and Cooper, all of the New Yoik Hospital, estimates that of 337 
patients admitted f 01 severe bleeding 1 5 per cent were examples of fatal hemor- 
rhage In the older age group Blackford and Williams,^ Allen and Benedict 
Chiesman® and others, report a moitality of 25 to 33 per cent Jankelson and 
SegaP^ found the average age of those with fatal bleeding ulcei w as 54 years 
In Meulengracht’s recent report^® he describes 26 fatalities and points out that 
25 of the 26 patients weie over 40 years of age and over half of those were 
over 60 Welch and Yunicli-- report 125 patients with ulcer hemorrhage 
treated by a standard medical routine One third had bled mildly and tMO 
thirds severely In the group undei 50 years of age the moitahty was 13 per 
cent Twenty per cent of those over 50 died 

Allen^ repoited that 60 per cent of the deaths in his group follow'ed the 
first hemorrhage, and in Blackford’s senes- 78 per cent of all fatalities 
occurred with the first bleeding episode 

That recurring bleeding is particularly ominous is borne out by almost all 
reports In this connection the comments of Aveiy Jones, are w^ell w'oith 
examining He expresses anxiety over cases of chronic gastric ulcer w'ho 
undergo recurient hemorihage ivhile in the hospital and who are over 5 ° 
yeais of age In this group a single recuirence of bleeding w^as fatal in 50 per 
cent , a second recui rence was fatal in 60 pei cent of the patients In Chies- 
inan’s® group of 19 1 patients, the mortality among 129 who bled only one day 
was I 5 per cent while among 62 who bled 48 hours 01 longer the death rate 
was 74 per cent 

Although the mortality rate in general has been somewdiat low'cr m 
females than in males of the same age group'^’ the risk is still gieat enough 
to caution against undue optimism in the treatment of serious hemorrhage in 
wmmen 

The literature discloses only a small number of contributions from wdiich 
one might evaluate the 1 isk of surgical intervention in massive gasti oduodenal 
bleeding The statistical results deal in many instances with a definite type of 
case the patient wdiose condition deteriorated steadily foi many^ days and 
upon wdiom surgery was undertaken as a last resoit The outlook followung 
exploration under such circumstances is too w'cll knowm to requiie much 
comment Walters-^ states that “operatnm treatment in the teiminal stages 
has proved relatively hopeless ” Heuer^^ reported a mortality of 7® por 
for operation after 48 hours of hemorrhage, and 10 per cent for early cases 
Finsterei^^ reports a mortality of 297 per cent followung surgery after 4 ^ 
hours or more of hemoirhage as opposed to a 5 per cent death rate for earl) 
operation It is only fair to note how'ever that Fmsterer’s early cases included 
man) patients who had hemorrhage of mild or moderate degree and 
might have ceased bleeding under expectant treatment This may also be 
true of the group of 200 patients reported by Bohamansson^ wdio w'ere oper- 
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ated upon dunng the acute stage of hemorrhage with a postoperative mortality 
of 5 2 pel cent Gordon-Tayloi/- during the period 1933 to 1939, operated 
upon 18 eaily cases, many within 24 houis of the onset of bleeding, with one 
death, a 11101 taht}^ of 5 5 pei cent Dunng the same period late operation upon 
seven patients was followed by foui deaths, a mortality of 59 pei cent 

It is obvious that little may be gained by contiasting the statistics of the 
pioponents of medical management wnth the figures on surgical mortality 
The gioups lepoited, to date, at least, aie not strictly comparable The sur- 
geon. summoned when (accoidmg to a recent report on the success of expec- 
tant tieatiiient) “the patient is lesponding pooil}'’ to medical management and 
a fatal outcome appeals likely”^^’ has little to start with His lesults should be 
lepoited, undei those conditions, not as mortality late but 111 terms of the 
number of lives sa\ed On the othei hand, the suigeon wdio operates imme- 
diately upon all bleeding patients may justly be criticized for subjecting to 
hazaidous suigeiy many individuals wdio might have stopped bleeding spon- 
taneously 01 upon w'hom opeiation might have been peifoimed at a later date, 
if at all, with much less iisk to life 

The follow'ing preliminaiy report from the Roosevelt Hospital is a sum- 
mar} of our moie lecent experience covering the years 1943 to 1947 inclusive, 
with a piesentation of a plan of management and the criteiia foi operation 
Duiing the five-yeai peiiod from 1943 to 1947 there have been admitted 
to the Roosevelt Hospital 120 patients wnth massive gastroduodenal hemor- 
ihage The diagnosis of ulcei w^as established in 107 of these patients In the 
lemaining 13, an ulcer was strongly suspected but could not be proven 
roentgenologically 

Eighty-four of these patients weie treated expectantly, and among these 
there w^ere 13 deaths (15 per cent) Fifty-eight patients in this gioup of 84 
were ovei 45 years of age and all but tw'o of the fatalities w^ere in this older 
group Massive hemorihage, treated expectantly, theiefore, show'ed a mor- 
tality of 19 per cent in patients over 45 years old 

Eleven patients m whom bleeding appealed uncontrollable w^ere operated 
upon within 48 hours of admission, wath one postoperative fatality (9 per cent) 
The remaining 25 patients treated suigically form a gioup wdnch is too 
heterogeneous foi accuiate analysis Operations in this group were done 
betw^een the thud and twenty-hist day after admission The great majoiity 
had stopped bleeding with expectant treatment and operation was performed 
as an elective procedure, but in three instances m which surgery w as employed 
only as a last 1 esort in patients w ho had not responded to prolonged conserva- 
tive treatment, the outcome was fatal One of these three patients had 
received over 10,000 cc of blood preoperatively, during a period of 12 days 
of expectant treatment 

Our plan of management is piedicated upon the following beliefs and 
applies only to massive exsanguinating hemoiihage as above dehned 

I Indiscriminate emeigency surgery for ulcer hemorrhage should be 
strongly condemned W ith the few' exceptions noted below', massiveness of the 
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hemoirhage does not constitute an indication foi operation without a prelim- 
inary trial of restorative measuies and expectant treatment 

2 Despite the impressive i eduction m moitahty in recent years as a result 
ot improved medical management, a ceitain percentage of patients will continue 
to die of uncontrollable ulcer hemorrhage 

3 The risk of lethal hemorihage in youngei patients is relatively small 
and emeigency operative intervention in this gioup will not often be necessary 
The patient under 45 not only toleiates the effects of critical acute anemia 
better than the older patient, but his ulcer being otten of fewei years’ duration, 
shows less penetration and fibrosis and is thus moie likely to cease bleeding 
spontaneously 

4 All seiious bleeders above the age of 45 aie potential candidates for 
emergency operation and should be seen and followed jointly by the internist 
and the suigeon from the moment of admission to the hospital The older the 
patient in this group, the greater the risk to life from massive bleeding 

5 Severe ulcer pain preceding the hemorrhage, or persisting after tlie 
hemorrhage, is a serious symptom’^’ usually indicating deep penetiation, or 
impending 01 locah 7 ed perforation 

6 In the piesence of pyloric stenosis hemorrhage is more likely to continue 
01 recur^^’ and the indication for surgery therefore becomes more urgent 
when such pathology is knowm or lecognized 

7 The patient ovei 50 bleeding from a chionic gasfuc ulcer, is the one 
most hkel} to die of uncontrollable hemoirhage 

8 Continued bleeding in the older age gioup may be consideied of lethal 
piopoitions if the patient’s blood pressure does not rise satisfactorily wnth 
repeated transfusions in the first 24 hours 

9 Surgical intei vention, when indicated, carries the least iisk dining the 
first 48 hours of active bleeding 

10 In the older gioup recurrent severe bleeding in the patient just recov- 
eiing from a previous episode is of the gravest prognostic impoitance 

11 As a result of the profound tissue and chemical changes induced by 
prolonged exsanguinating hemorihage, particularly m the older patient, the 
mortality from late surgical intervention is prohibitive 

MANAGEMENT OF JIASSIVE GASTRODUODENAL BLEEDING 

1 Active treatment for the patient in shock is begun at once without 
subjecting the patient to any but the most cursoiy physical examination 

2 Nothing is permitted by mouth excejit small sips of water or ciacked ice 

3 Blood replacement is begun at once Under the most urgent conditions 
plasma may be employ ed until blood typing and cross-matching are accom- 
plished Plasma alone is not adequate replacement for blood 

4 Blood IS drawn for hematocrit prothrombin, and blood urea nitrogen 
determinations, as well as for typing and blood counts 

5 Repeated or continuous transfusion is required as long as the systolic 
pressure remains below 90 or the pulse over 130, or both It is important to 
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bear in mind that pre-existmg h3'pertension may modify these values Since 
the blood deficiency at this stage is quantitative rather than qualitative, blood 
counts and hemoglobin determinations may not give an accurate picture of the 
sevei it\ of the hemorrhage 

6 W'hen lestoiative measuies have been initiated, a rapid physical exam- 
ination IS made and a histoiy secured m an attempt to asceitam the most 
probable source of bleeding Rupture of esophageal varices is common enough 
to wairant serious consideration m the diffeiential diagnosis of bleeding ulcer 
Less frequentl} a blood dyscrasia ma) be the cause of the hemoirhage 

7 In the absence of a definite histoiy of ulcer m a patient who is bleeding 
unconti ollabl} , and m whom surgical intervention appears likely, even reason- 
able ellort IS made to establish a diagnosis This should include examination 
of the esophagus stomach, and duodenum by roentgen-ra} if necessary 
Though a patient m shock should not be subjected to this piocedure undei an} 
circumstances, bleeding of itself does not contradmdicate the ingestion of 
barium and earh examination The patient is placed m the horizontal position 
and the barium distributed, wnthout palpation or pressure, by turning the 
patient slowh trom side to side This technic has been employed many times 
at the Roosevelt Hospital and though it has its obvious limitations, w'e have 
found It thus fai to be wnthout danger Despite the fact that large clots m the 
stomach ma} at times make interpretation of films difficult or inaccurate, the 
examination has helped on many occasions to demonstrate suspected patholog} 
which later was confirmed We have not employed gastroscop> as a diagnostic 
procedure m the presence of acute bleeding 

8 If the presence of esophageal varices is definitely excluded a small 
calibre indwelling tube is passed through the nostril into the stomach, the 
stomach lavaged with saline and continuous suction applied Thereafter the 
charactei of the aspirated material may furnish useful information regaidmg 
cessation or persistence of bleeding The tube tends to inhibit nausea and 
vomiting and b} continuous removal of gastric juice may prevent digestion and 
liquefaction of an} clot which might have formed in the eroded vessel 

9 Opiates or barbiturates, oi both, are given m doses adequate to control 
restlessness ^Morphine occasionally produces nausea and should be given 
cautiously 

10 Blood pressure and pulse are recorded at half-hour intervals 

1 1 All fluid, ammo acid vitamin, sugar and salt requirements are met by 
intravenous infusion and transfusion during the period of profuse bleeding 
The exsanguinating patient now under discussion rarely accepts or retains the 
type of food provided b} the Meulengracht diet When active bleeding ceases 
the patient is placed on a progiessive ulcer diet wnth the addition of 
aluminum hydroxide if ulcer pain is present 

12 Indications jo) Opeiatwn When causes of bleeding other than chronic 
ulcer have been excluded wnth reasonable certainty 

0 Patients over 50 years of age wffio continue to show' a rapid pulse, drop 
fh blood pressure slight air hunger, and other signs of continued bleeding 
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despite repeated transfusions over a period of 24 hours require surgical inter- 
vention 

b Younger patients who continue to bleed profusely and who remain at 
shock levels despite repeated transfusions over a period of 48 hours require 
surgical intervention 

c A recurrence of massive bleeding in the older ulcer patient demands 
immediate operation, delayed only by the time lequired foi uigent blood 
replacement In this type of patient procrastination may be disastrous 

d Massive hemorrhage supei imposed upon a known pyloric obstruction 
requires surgical intervention 

e Simultaneous hemorrhage and perfoiation obviously call for immediate 
operation 

f Patients who are first seen after many days of severe continuous or 
repeated hemorrhage are extremely poor surgical risks and are best treated 
expectantly In this group simple high jej unostomy under local anesthesia, 
for feeding purposes, may be of value 

OPERATIVE PROCEDURE 

A patient suftenng an exsanguinating hemorrhage is necessarily a poor 
risk Operation should not be undertaken by a surgeon whose experience with 
gastric problems is limited The complicated pathology in most of these cases, 
and especially in those patients who have had previous stomach surgery, will 
tax the skill and ingenuity of the most seasoned operator If an experienced 
surgeon is not available it is more prudent to accept the hazard of expectant 
treatment 

It IS difficult to justify palliative procedures such as ligation of vessels 
supplying the ulcer, simple suture of the bleeder in the ulcer bed, and 
gastroenterostomy alone They have generally been found ineffective in con- 
trolling the hemorrhage IVith masswe blood Uansjnswn and modem anes- 
thesia a patient zvho cannot be <;ajely conditioned foi niajoi gastuc suigeiy 
should not be subjected to the added iisk of opeiation 

Partial gastrectomy including excision of the ulcer is the procedure of 
choice In penetrating duodenal ulcer it may be wisei, in particularly urgent 
cases, to open the duodenum immediately, control the bleeding by means of 
deep silk sutures, and then proceed with the gastrectomy Occasionally when 
confronted with an ulcer which has burrowed deeply into the pancreas, it is 
more expedient to leave the base of the ulcer behind and perform the resection 
around it llie duodenum distal to the ulcer is then mobilized sufficiently to 
permit adequate closure of the stump Routinely in such cases, using a single 
fine catgut suture, w e have fixed a large soft rubber tube drain to the capsule 
of the pancreas in the region of the ulcer and duodenal stump 

When palpation of the stomach and duodenum fails to indicate the source 
of the bleeding we perform wide gastrotomy and duodenotomy, irrigate thor- 
oughl} with saline, and examine the duodenal and gastric cavities with great 
care If an old gastroenterostomy is present the jejunal loops are inverted 
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into the stomach thiough the stoma and may be leadily inspected through the 
gastiotomy By employing this procedure we have found minute bleeding 
eiosions vhicli had been completel}' missed on palpation If a source of 
bleeding is not found aftei thoiough inspection of the duodenal and gastric 
mucosa, we feel that the stomach and duodenum should simply be closed We 
have not encountered diffuse mucosal bleeding from simple acute gastritis but 
we question the advisability of gastiic resection as lecommended by some 
suigeons m such cases 

The gi eatei the depletion of the patient bef oi e opei ation the moi e suscep- 
tible will he be to the postoperative complications common to all major abdom- 
inal piocedures Infection, letaided healing of suture lines, caidiac and pul- 
monar} complications are seen more frequently than in elective surgery and 
aie more lethal in then consequences How^evei, the liberal use of blood, 
ammo acids, and plasma if necessary, added to the measures usually employed 
after elective gastiic suigery, wall help these patients tremendously m meeting 
the challenge of a vei)”^ trying postopei ative period 

It would be most distressing to permit the problem of bleeding peptic ulcer 
to degenerate into a feud between the internist and the suigeon Obstinate 
adherence to am concept of therapy, be it medical or suigical, may result, 
unfortunately, in detiiment to the patient The aggressive surgeon wdio attacks 
every bleeding ulcer wathout careful appraisal of the indications for operation 
and the risk involved exposes himself to the same censure as the internist who 
permits fatal exsangumation m a patient to whom eaily surgery might have 
offered a reasonable prospect of survival Mortality statistics, as has been 
show n, are too unreliable as a basis for an inflexible policy The management 
of the bleeding patient must be individualized, and it should be a joint enter- 
prise and a joint responsibility for an experienced internist and a competent 
surgeon Only by the closest cooperation between them will it be possible to 
select from the large numbei of patients wnth ulcei hemorrhage, the relatively 
small group wdio might be saved by emergency surgical intervention 

SUMMARY 

1 The term massive hemoirhage should be applied only to an acute, lapid 
loss of blood, producing hemorrhagic shock 

2 Prolonged, severe hypotension from acute hemorrhage may cause 
irreparable damage to vital organs, particularly in the older patient 

3 The mortality risk of hemorrhage fiom ulcer increases with the age 
of the patient, and is greater m gastric than in duodenal ulcer 

4 Hemorrhage is more dangerous wdien pieceded or accompanied by 
ulcer pain, or m the presence of pyloric obstruction, and wdien bleeding recurs 
while the patient is convalescing from a previous severe episode 

5 Suigical intervention, when indicated, carries the least risk during the 
first 48 hours of active bleeding 

6 A plan is presented for the management of massive gastroduodenal 
bleeding, and the indications for emergency surgical intervention are discussed 
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7 The treatment of bleeding peptic ulcer is the joint responsibility of the 
internist and the surgeon 
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Since the first report m 1935 by Whipple, Parsons and Mullins^® of 
a radical resection of the duodenum and head of the pancreas for carcinoma 
of the ampulla of Vater, numerous modifications have been tried to overcome 
the difficulties which followed the initial procedure The important complica- 
tion of cholangitis led Whipple’^ in 1938 to anastomose the gallbladder, and 
later the common bile duct, to an antipenstaltic liniu of jejunum created by the 
Roux-Y type of anastomosis The same type of anastomosis has been used 
by Allen,^ Cole^ and others for the correction of impermeable strictures of the 
common bile duct 

The distressing complication of cholangitis occurs even after the modified 
Whipple procedure has been used, and this has stimulated interest as to the 
mechanism The organism most commonly mentioned as being responsible was 
tlie colon bacillus Numerous mechanical causes have been proposed 
Wangensteen’"* stressed the importance of a non-patent or stenosed stoma as an 
important factor m the production of cholangitis following cholecysten- 
terostomy Very little information is available, however, on the best length 
of the antipenstaltic segment of bowel to be used m the Roux-Y type of 
anastomosis In reviewing the many modifications of the original Whipple 
operation, the authors could find only the following references to the length 
of antipenstaltic limb of jejunum utilized Pearse’- initially used a six inch 
loop In later cases, this vas lengthened Dennis^ stated that 40 centimeters 
of jejunal segment were used to separate the biliary from the gastric 
anastomosis His patients did not experience any postoperative cholangitis, 
and postoperative fluoroscopy on one of his patients “showed rapid emptying 
of the gastric pouch with no regurgitation into the proximal jejunal loop ” 
Cole'’ stated that the antipenstaltic limb should be at least 24 inches long 
when utilized in common duct surgery 

Hence, it was felt that an attempt should be made to determine the^ 
optimum length of an antipenstaltic limb of bowel Also, that a comparison 
should be established between antipenstaltic limbs of jejunum and loops of 
jejunum “defunctioned” by an enteroenterostomv as suggested by Cattell,- 
Cole^ and others 


* Submitted for publication, August 1948 
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METHODS 

In order to determine the extent of regurgitation in an antipenstaltic liml 
of small bowel, the following experiments were performed on dogs In tlv 
first phase of the experiment, a jejunal fistula was utilized using the methoc 
of Mann and Bollman ® The abdomen was opened , the ligament of Treit: 
identified and divided Approximately six inches beyond the ligament, tin 
proximal jejunum was divided and the distal end brought out through a sta> 
wound in the abdominal wall as a permanent stoma A Roux-Y type o 
enteroentei ostomy was performed implanting the pioximal end of tin 
transected jejunum into the antimesenteric bordei of the distal end at dis 
tances of four, eight, ten, 12, 14, 16, 20 and 24 inches from the stoma 
(Fig I ) Postoperatively all dogs were watched carefully for the loss 0 



intestinal secretions through the stoma Dye, in the form of methylene blue 
o 24 Gm , was given orally and staining of the stoma recorded In addition, 
some dogs were studied fluoroscopically following the administration of barium 
by gavage without sedation or anaesthesia 

In the second phase of the experiment, the abdomen was opened and the 
ligament of Treitz identified and cut Approximately six inches beyond the 
ligament, the jejunum was divided, and following resection of the pyloiic ring 
of the stomach and closure of the pioximal duodenum, the distal end of the 
transected jejunum w-as brought out through a stab wound in the abdominal 
wall as a permanent stoma An end-to-side gastrojejunostomy was performed, 
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thus ci eating above the gastiic anastomosis antipenstaltic limbs of jejunum 
of 12, 14, and 16 inch lengths The proximal end of the transected jejunum 
was reimplanted into the distal segment appioximately six inches below the 
gastric anastomosis Figure 2 which illustrates the second piocedure closely 
simulates that seen in Whipple’s aiticle of June, 1946^® “showing antecohc 
or postcohc anastomoses wnth an antipenstaltic limb of resected jejunum ” 
In our experiments no biliary anastomoses \vere performed, nor were the 


pancreas and duodenum extnpated 
In the third phase of the experi- 
ment, the abdomen was opened and 
the ligament of Tieitz identified 
Approximately eight inches from the 
ligament an entei oentei ostomy was 
perfoimed, the stomata being eight 
centimeters in length, creating “de- 
functioned” loops 24, 32, and 48 
inches in length The mid point of 
the loops w'as bi ought out through 
the incision and sutured to the wall 
Aftei closing the incision, an open- 
ing w'as made 111 the bowel wall cie- 
ating a permanent stoma as illus- 
trated in Figuie 3 



Fig 3 — Fistula of jejunal loop "defunc- 
tioned” by a jejunojej unostomy 


DISCUSSION 

Table I summarizes the first group of experiments wdiere variable lengths 
of antipenstaltic jejunal fistulae w'ere used It is noted that m addition to a 
dye given orally, the material constituting the intestinal stream will regurgi- 
tate up an antipenstaltic limb ten inches in length Fluoroscopically, following 
the intioduction of barium by gavage, the barium was not seen to traverse 
an antipenstaltic limb eight inches m length, but 15 minutes later appeared 
at the stoma Observations of limbs 12 and 14 inches in length showed the 
barium to entei the limb leadily for a distance of six inches Postmortem 
examination of all of these dogs failed to reveal the presence of ulcerations in 
the mucosa about the stomal sites 

Table II summarizes the results in the second group of experiments where 
gastrojejunal antipenstaltic limbs w'ere utilized The minimum length of limli 
used w^as 12 inches on the basis of the previous experiment Because of the 
more forceful evacuatory contractions of the stomach, it w^as surmised that a 
limb 12 inches in length wmuld be too short However, as noted, neither dye 
nor intestinal juices appeared at the stoma of a 12, 14 01 16 inch limb 
Fluoroscopically the barium entered both 12 inch limbs for a distance of five 
to six inches (Fig 4 ) In one instance, the barium disappeared from the 
limb with the appearance of peristaltic weaves How'ever, in the other case, 
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the barium persisted as a thin line despite vigorous contraction waves down 
the limb Postmortem examination revealed the presence of ulcers in the 14 
and 16 mch limbs in the jejunum just opposite the gastrojejunostomy stoma 
(Fig 5-Fig 6) when sacrificed 50 days and 45 days postoperatn el> 
respectively This closel} simulates the work and findings of Mann and 
WilliamsoiF in one phase of their classical experiments on the production 
of peptic ulcers 


Table I — 4nUpci isialftc Jejunojcjnnal Fi^tulac 


Dog 

Number 

Length of 
A,nUper\stalUc 
Limb 

Presence o( 

Intestinal Juices 

Presence 
of Dye 

Remarks 

47-62 

4" 

Profuse brownish green m 
6th postoper'itive dnv 

None seen 

Dog died 10 'postoperatn e da\ of 
peritonitis 

47-65 

8" 

Questionable 

None Riven 

Dog sacrificed on ath postoperatn e 
da\ because of distemper 

47-77 

8" 

Small amount of intestinal 
juice on 6tli postoperative 
da\ 

None gi\ en 

Dog died on 6th postoperatn e da\ 
Perforation at suture line 

47-81 

8" 

Scant fecal material noted 

None 

Given barium p o and fluoro-coped 
IS minutes later barium appeared at 
stem 1 Loop lengthened to 24" 

47-204 

10" 

Some gas and scant fecal 
material 

Ves 

Dog sacrificed 2 weeks p o Did 
poorb Chrome bilateral glomerulo 
nephritis and nephrosis 

47-222 

10" 

Slight on 6th p o daj 

None 


41-50 

12" 

None 

None 


Short, black 12" 

female cocker 

None 

None 

On fluoroscopy barium readiK en 
tered antipenstaltic bmb for di' 
tance 6" None at stoma 

47-162 

14" 

None 

None 


40-34 

16" 

None 

None 


41-53 

20" 

None 

None 


47-83 

24" 

None 

None 



Table III suminan/es the results of the thud group of experiments when 
loops of jejunum were utilized which had been “defunctioned” by means oi 
enteroenterostoniy Loops wuth 12-inch limbs w'ere much too short Despite 
a w'lde, patent enterostoiu} stoma, all of these dogs died within eight days from 
the time of operation Dj e and intestinal secretions literally poured out of tlu 
stomata The deaths may be atti ibuted to loss of fluids and electrolytes from i 
high fistula similar to that of a high intestinal obstruction Tlie loo]) ^ 
16 mch limb vas still too short to prevent loss of intestinal juices The loop 
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with a 24-inch limb, although it prolonged the dog’s life, was unsuccessful in 
completely diverting the intestinal stream , 



Fig 6 — Photomicrograph of ulcer of Fig 5 XI25 


Table II — Anfipenstaltic Gasti ojejnnal Fistniae 


Length of Presence of 
Dog Antipenstaltic Intestinal Presence 


Number Limb Juice of Dye Remarks 


48-27 

12' 

None 

None 

Fluoroscopically showed regurgitation into antipen 
stiltic segment for 4-5 inches Sacrificed 78 days p o 
No ulcers noted 

48-63 

12' 

None 

None 

Bariun’ entered hmb readilj for 4 inches Sacrificed 
56 days p o No ulcers noted 

48-5 

14' 



Dog died 2nd p o day Acute dilatation of stomach 

47-235 

14' 

None 

None 

At post mortem ulcer noted on posterior wall of jeju 
num opposite gastrojejunal stoma (50 days P o) 

47-164 

16' 

None 

None 

Ulcer noted same as above (45 da>s p o) 


CONCLUSIONS 

1 In dogs regurgitation occurred for a distance of ten inches in an anti- 
peristaltic hmb of jejunum created by a Roux-Y type of anastomosis 

2 The optimum length for the antipenstaltic limb of a Roux-Y type ot 
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anastomosis was found to be 12 inches This prevented regurgitation of dye, 
barium or intestinal contents out of the stoma 

3 No difference was noted in the extent of regurgitation m an anti- 
peiistaltic limb created by a jejunojejunostoniy or a gastiojej unostomy 
Hence, the impoitant factor was the length of the limb, and the force witli 
w Inch matei lal entered the loop was apparently of lessei significance 



/ 

Table III — “Dcfuttctioued" 

Jejunal Loop FisUilae 

Length of 
Dog Ascending 

Number Limb of Loop 

Presence of 
Intestinal 

Juice 

Presence 
of D>e 

Remarks 

47-172 

12" 

Profuse 

Yes 

Died 7 p 0 day 

48-10 

12" 

Profuse 

Yes 

Died 8 p 0 day 

48-14 

12' 

Profuse 

Yes 

Died 7 p 0 day 

47-209 

16" 

Some discharge 
daily from stoma 

Yes 

Alive at end of 18th p o day Sacrificed Dye 
given day previously stained entire ascending 
loop 

48-34 

24" 

Slight discharge 

Slight staining 

4 

The use 

of loops longer than 12 

inches m a gastiojejunal Roux-Y 


anastomosis resulted in peptic ulcer toimation 

5 An enteroentei ostomy between loops of jejunum does not short-circuit 
these loops The enteroenterostom} does not divert all of the intestinal stream 
even when the limbs of the loops are 24 inches in length 
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SYMPATHECTOMY IN PEIHPHEHAL ARTERIOSCLEROSIS-' f 

Edward E Jemerin, M D 

Nfw York N Y 

The enormous toll taken by artenoscleiosis is still appalling and prob- 
ably less progiess has been made in this field than in any othei in medicine 
For this reason, any therapeutic method \\hich offeis the hope of staying its 
inexorable course should be seized upon vigorous!} until its possibilities have 
been exhausted and uhat it has to offer has been adequately tested and 
e\ aluated 

Considered a “degeneiative” disease, artenoscleiosis has been accepted 
by the profession as the almost inevitable destiny of those w ho live long enough 
ft IS the invariable cause of death when some mteicuiient disease does not 
strike fiist In a large number of cases it causes inestimable disability and 
distress long before the capital stioke is admmisteied In the lowei extiemities, 
obliterative vasculai sclerosis is so rampant a scourge that otherwise vigoious 
men are incapacitated to a vai } mg degree by it foi many of the last years of 
their lives Fiom mild to disabling claudication to actual loss of one oi more 
limbs is the terrible tribute it demands, and little has been offered to interrupt 
Its relentless progression 

Almost universally the use of sympathectomy had been deciied in the 
treatment of uhat was accepted as a progressive, organic, ii reversible piocess 
Only when angiospastic phenomena played a significant role, it ivas thought, 
could the operation help, and to use it for arteriosclerosis obliteians would 
serve to discredit it in the indicated situations Yet scattered repoits suggest- 
ing Its usefulness in selected cases of obliterative vasculai scleiosis began to 
appear in the literature about 1935 In that year, Harris repoited good results 
from the procedure in 5 of 12 cases The material included patients not 
tested preoperatively and those with jioor responses to testing He concluded 
that sympathectoni)^ was of value in obliterative vascular disease wdien spasm 
accompanies it and that all patients showing a rise in skin temperatuie follow- 
ing block would be helped In 1936, Leiiche reported that 76 4 per cent of his 
s} mpathectomized arteiiosclerotics weie impioved The subject was again 
discussed by Atlas in 1941 in an article based upon 12 selected cases of 
arteriosclei osis ti eated by S} mpathectomy All lost the sensation of cold numb 
feet that had been piesent pieopeiatnely Ulcers which weie piesent in two 
cases healed, and inteimittent claudication disappeared m seven of nine cases 
in which it had been present All, preopei atively, had seveie subjectne and 
objective evidence of ciiculatory deficiency on an arteriosclerotic basis but b)^ 

* Submitted for publication, August 1948 

j Case Material from the Surgical Services of Dr A S W Touioff, the Mt Smai 
Hospital, Dr Fredenck W Bancroft, Beth David Hospital, and Dr Arthur Salvm and 
Dr Joseph Stenbuck, Sj'^denham Hospital, New York City, N Y 
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Sympathetic block indicated that the collateral vascular pathway was capable 
of hypertrophy In 1937, Pearl recommended lumbar sympathectomy m the 
treatment of angiospastic claudication His conclusions ^^ere based upon the 
response of six cases to vaso-motor paralysis Three of the cases shot\ed 
CMdence of organic artenoscleiotic disease in addition to the angiospastic 
phenomena In 1942 Freeman and Montgomery leported on 12 cases with 
peripheral arteriosclerosis and intermittent claudication All but one showed 
eiidence of obliteration of the major aiteries of the leg Seven responded to 
sympathetic block with objective evidence of increased ability’^ to work while 
three others were subjectively improved Six of the fiist group w'ere subjected 
to lumbar sympathectomy with immediate and persistent relief 

Trimble in 1944 published his results in 24 cases of peripheial arterio- 
sclerosis treated by sympathectomy Only thiee of the cases were not 
nnproied These had gangrenous ulceis and came to amputation Eight weie 
greatly improved, the remainder inoderately’^ so Eleven cases with ulceration 
01 gangrene went on to complete healing The degree of obliteration which 
was present is indicated by the fact that 16 had no pedal pulses, six only a 
faint unilateral pulse, one a faint bilateral pulse, and 111 one there w'as no 
record 

In March of 1946 Telford and Simmons reported on a senes of 88 cases 
which were tieated by sympathectomy Most of these did not have prelim- 
inary testing by nerve block and hence were unselected In 47 cases the 
operation w'as perfoimed for severe intermittent claudication All showed 
improvement although it was striking in only'^ six wdiich have been almost 
1101 mal since operation Not one, however, follow'ed for five to 15 years, 
developed rest pain or gangrene Forty-one cases had incipient or frank 
gangrene In 21 the results w^eie good wnth abolition of rest pain and a 
change from chronic invalidism to leasoiiable activity wnth separation and 
healing of the gangienous areas Tw^enty^ cases did come to amputation, but 
frequently at a lower level 

Later in 1946 de Takats gave a simple, logical rationale for the use of 
luinbai sympathectomy 111 selected cases of peripheial vascular sclerosis 
Encouraged by the above reports and by the response in a case of his wdiich 
preoperatu ely was thought to be thromboangitis obhteians but which at 
operation proved to be arteriosclerosis, he reversed his previous stand of 
recommending sympathectomy' only' for angiospastic states and performed 
the procedure 111 25 selected cases of obhteiative vascular sclerosis The 
results were extremely good In one group a dramatic inciease m walking 
ability occurred, 111 a second amputation was averted, in a third group ampu- 
tation could be performed at lower le\els, wdnle in a fourth intractable neuritic 
pain of the causalgic type was benefited The rationale for the procedure was 
the release of normal vasomotor tonus insuring an e^ en bloodflow uninfluenced 
by ant thing but the metabolic needs of the tissues The sympathectomired 
extremity was freed from the influences of cold, of emotion, and of standing 
B\ 1947 his series had been expanded to include 37 cases ^3 of which had 

66 



lolumc ISt 
Number 1 


SYMPATHECTOMY IN ARTERIOSCLEROSIS 


been benefited by the pioeedme In dibcubsing de Takats’ 1947 paper Pearl 
repoited that 50 aitenoscleiotic extieinities ^^ere improved by sympathectomy 
at his clinic In about one-thiid of the cases the peripheral pulses showed an 
increase in volume 01 an appeal ance wheie befoie opeiation it was absent 
About one-thiid weie leheved of claudication and in many the color changes 
chaiacteiistic of ciiculatoi} deficienc)'^ disappeared Not one came to ampu- 
tation ^^hlle in the same peiiod of tune 75 low thigh amputations were per- 
foimed in a compaiable senes of non-sympathectomized extremities 

These encoui aging lepoits ba\e caused surprisingly little stir Besides the 
de Takats’ paper, no otlier aiticle on s3'mpathectomy for peripheral arterio- 
sclerosis IS to be found m the 1947 liteiatuie The geneial attitude is still 
defeatist, the senescence theoi} still pievalent, the 1 ecommendations for tieat- 
nient found 111 the lecent hteiatuie still aie piimanly medical (diethyl ether, 
h} pel tonic saline,^ histidine and ascorbic acid,^^ tetiaethyl ammonium bro- 
mide,^® alpha tocopherol, etc ) It is because of this that another paper 
stiessing the \alue of s} mpathectomy in selected cases of obliteiative vascular 
scleiosis IS not out of place The following senes, while small, is highly illus- 
trative, and may possibly iielp to stimulate iiiteiest in the field 

CASE MATERIAL 

Eight lumbar s} mpathectomies ueie pei formed upon six patients All had 
advanced states of periphei al ai tei losclerosis with manifestations varying f 1 om 
intermittent claudication to frank gangrene with or without infection In seven 
instances definite benefit resulted In one, in which gangiene had spread to 
be3'’ond the middle of the foot all that was hoped for was to make possible 
healing of an amputation at a mid-leg level This was achieved but of course 
It cannot be concluded that the sympathectomy was lesponsible A summaiy 
of the cases will be given w Inch w ill be followed by a more detailed discussion 

Case 1 — V A , Sydenham Hospital No 103854, was a 56-year-old male diabetic 
admitted on June 22, 1946, with a moist ulcerative gangrenous lesion about 3 by 2 inches 
on the dorsum of the left foot extending onto the great toe and to a lesser extent onto the 
other toes The extensor tendons were exposed in the base of the ulcer A gangrenous 
bleb was also piesent over the great toe of the other foot Both feet were cold with 
dependent rubor and marked blanching on elevation Only the right popliteal and femoral 
pulses were palpable Oscillometnc readings were less than i 0 bilaterally The histamine 
flare and saline absorption tests showed extremely poor collateral circulation There 
seemed to be no hope for the left leg and mid-thigh amputation would have been 
proceeded with immediately were it not for the lesion of the right great toe which placed 
that limb in jeopardy as well Because of this it was decided to employ conservative 
treatment until such time as the fate of the right extremity clarified Until July 15th 
bed rest, wet dressings, and anti-diabetic therapy were employed The ulcer of the left 
foot became larger and dirtier and the gangrenous bleb of the right great toe extended 
to involve most of the toe On July i6th daily bilateral lumbar sympathetic blocks were 
added to the tieatment Objective and subjective warming of the members was noted 
which, after the first few days, persisted for progressively longer periods until after about 
ten days its effect lasted practically around the clock By the 1st of August a remarkable 
change m the ulcer was noted , it had become clean, and was beginning to granulate and 
to epithelialize m from the edges The histamine and saline absorption tests now showed 
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an impro%ed collateral circulation and on the right oscillonietnc readings were impro\cd 
Bj the 2 1 St, the ulcer was definitely smaller and both the right and left great toes were 
demarcating With the ultimate successful result now' almost assured, left lumbar 
sympathectom\ was performed on August 2ist At the patient’s request, because the left 
leg felt so much better than the right, this was followed by right lumbar sympathectonn 
on September 6th By September i6th the ulcer was healed, both great toes had 
demarcated and the patient had no pam, even, as w'as learned, when contrary to orders 
he walked about the ward Of remarkable interest was that a dorsalis pedis pulse was 
now palpable bilaterall) The left great toe w’as eased off and the patient was discharged 
on October nth In December, 1946, he was readmitted for the remo\al of the right 
great toe The left foot was healed at the time, the right went on to healing shortlj 
after the toe had been amputated 

The patient returned to useful activity He was readmitted in June, 1947, for a 
pressure ulcer of the plantar surface of the left second toe with purulent evudate 
extending through the toe to the dorsum This toe was amputated w'lth prompt healing 
following There has been no further trouble of any sort since 

Case 2 — M M, Mt Sinai Hospital No 553291, w'as a 6i-year-old female diabetic 
admitted on August 23, 1946, with gangrene of the right great toe and severe cellulitis 
of the remaining toes and of the distal half of the foot There had been a left mid-leg 
amputation a year before for gangrene Marked peripheral arteriosclerosis was present 
with no pulses palpable in the foot The right popliteal pulse was faintly palpable Oscillo- 
metric readings were markedly reduced No hope was held for the limb, but because 
the other had already been lost, an effort to save this one was made Treatment consisted 
of bed rest, wet dressings, penicillin, and daily sympathetic blocks The cellulitis receded 
and some improvement in color and increased warmth of the foot occurred An alcohol 
lumbar sympathetic block w^as done to provide a more permanent effect The right great 
toe was then amputated, leaving a dirty base containing considerable slough Infection 
and gangrene extended to the remaining toes which were successively amputated Tendon 
and soft tissue slough persisted in the base of the wound but no longer seemed to be 
spreading The alcohol block, the effect of which was w'caring off, was repeated, wnth 
return of the w'arming of the foot that had been obtained previously, and on two occa- 
sions the w'ound was debnded of accessible slough No further extension of gangrene or 
infection occurred and b> late November the wound w'as finally clean and granulating 
On December I2, 1946, she was transferred to a City hospital Here on January 9, I947> 
a left lumbar sympathectomy w'as performed as the effects of the alcohol block had again 
worn off The foot w'as considerably warmer after operation Healing progressed 
favorabh and was complete by March 15, 1947, wdien the patient w'as discharged The 
stump has remained well healed since 

Case 3 — B L , Beth David Hospital No 46-4386, was a 65-year-old diabetic 
admitted with a six-month history of intermittent claudication and rest pain in the right 
foot Marked obliteratiie lascular sclerosis was present, both feet were cold and dis- 
colored reddish-purple, the right more so than the left Both popliteal pulses were 
palpable but none distal to these Upon right sympathetic block the pain w'as relieved 
but onl\ slight warming of the foot was obtained Courses of etamon and of diethjl 
ether were given but gangrene of the third toe of the right foot de\ eloped in spite of 
these The toe was amputated after demarcation had occurred but sloughing tendon was 
seen in the base and some cellulitis was present proximal to it Roentgen-raj showed 
marked calcification of the ^essels and the limb’s coldness extended up to the inid-lcg 
Lumbar sj mpathectonu w'as adi ised but was refused Rapid extension of the gangrenous 
process took place to the second toe and the adjoining sole of the foot This toe was 
amputated and the wound debnded but gangrene promptlv extended to beyond the middle 
of the sole At this time the popliteal artery was no longer palpable It was ob\ious that 
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there was no hope for the leg but sympathectomy was again advised in the hope that it 
would make it possible to save the knee Consent was given this time and on March 8th, 
1947, the 2nd, 3rd and 4th right lumbar ganglia and intervening chain were resected 
Within a few' days the level of gangrene seemed to demarcate although the base of the 
wound remained dirty Histidine and ascorbic acid w'ere tried without effect On April 
loth mid-leg amputation w'as performed At operation all major vessels were seen to be 
occluded but nevertheless the color of the muscle w'as good and fair bleeding was observed 
from the small vessels m its cut surface The stump was closed primarily without 
drainage and primary healing w'as obtained 

The patient was discharged, ambulatory on crutches on May 21, 1947 In August, 
1947, despite his age, he was fit wuth a prosthesis With this and a cane he managed 
quite satisfactoi ih but unfortunately gangiene of the left foot developed in November 
Studies befoie and after sjmpathetic block indicated that no improvement could be 
anticipated from sympathectomy The gangrene advanced and mid-leg amputation was 
performed on No\ ember 19, 1947 Primary healing was not achieved Healing by sec- 
ondary intention progressed slowly until in April, 1948 only a superficial I o cm crusted 
area remained unhealed Despite this he was fit wuth a second prosthesis and not only 
lias he learned to w'alk w’lth the tw'o artificial limbs, but he has found part-time employ- 
ment as a cashier As of June, 1948, the right stump is soft, pliable and asymptomatic, 
w'hile the unhealed area on the left is smaller and slowdy completing its healing 


Case 4 — J T, Sydenham Hospital No 102001, w'ds a 66-year-oId male diabetic 
who had been in another hospital in February, 1947, m diabetic coma, and with a slight 
infection of the right great toe He was discharged with the infection incompletely 
cleared and w'as admitted to Sydenham Hospital on March 14, 1947 His temperature 
was 105 degrees The right great toe was gangrenous with marked local suppuration 
and cellulitis extending over about half the dorsum of the foot There was marked 
peripheral arteriosclerosis The right foot, despite the cellulitis, was colder than the 
left No pulses w'ere palpable in the right foot but the popliteal artery was palpable 
Severe diabetic acidosis w'as present Penicillin w'as given and the acidosis controlled by 
appropriate measures Histamine flare and saline absorption tests showed extensive 
impairment of the collateral circulation Lumbar sympathetic block w'as done w'lth an 
excellent response, the foot becoming appreciably warmer 

Right lumbar sympathectomy w'as performed on March 21st, excising the chain 
from below' the first lumbar to abo\e the fourth lumbar ganglia The foot after operation 
was definitely w'armer Follow'ing the procedure, the necrotic skin of the gangrenous toe 
was excised w'lthout anesthesia on the w'ard About a half ounce of pus was evacuated 
Necrotic extensor tendons w'ere seen in the base of the cavity On April 7th the great toe 
and the distal half of the first metatarsal were amputated and the soft tissue debrided 
Healing w'as complete by the 9th of May on w'hich day the patient was permitted to walk 
W'lthout crutches 

Case 5 — N L Beth David Hospital No 47-2072, w'as a 59-year-old man admitted 
on May 16, 1947, W'lth a history of progressive coldness and numbness of both feet and 
severe pain in the left foot and leg on w'alking He had been given a course of histidine 
and ascorbic acid at another hospital not only w'lth no relief but w’lth progression of the 
pains to a degree where they w'ere present even at rest 

There was marked peripheral arteriosclerosis Roentgenogram of the leg show'ed 
calcification of the arteries The feet were cold and moist with dependent rubor and 
ischemia in the elevated position Neither dorsalis pedis nor posterior tibial was palpable 
Both popliteal pulses w'ere diminished Oscillometry show'ed markedly reduced readmgs 
bilaterally Orthopedically the feet w’ere bad , there was bilateral halux valgus, marked 
pes planus, and the second toe overlapped the great toe of each foot He stated, how'ever, 
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that these findings had no relation to his complaints Upon left lumbar sympathetic block 
increased warmth and complete amelioration of symptoms resulted 

On June 13, 1947, the left lumbar sjmpathetic chain ivas excised from below the 
first to above the fourth lumbar ganglia Following this procedure pain disappeared 
entirely and definite warming of the member was achieyed He was discharged on June 
26th walking well There was insufficient subjective symptomatology referable to the 
right lower extremity for sympathectomy on this side at the time ' 

The patient has been seen on several occasions since the operation, the last on March 
9, 1948 The increased warmth of the left leg and foot persists and he is now able to 
walk any distance required by his normal activity (up to ten blocks) wuthout pain 

Case 6 — I H, Mt Smai Hospital No 575474 was a 55-jear-old male private 
patient admitted on January 16, 1948, with a history of intermittent claudication 111 the left 
leg for five vears This had progressed to a degree where he was unable to walk more 
than a block 1 efore it set in He had sold his car because ci amps developed in the left calf 
after driving a short distance On examination there w'as marked peripheral arterio- 
sclerosis with abscence of the posterior tibial, dorsalis pedis and popliteal pulses on the 
left All were palpable but diminished on the right Both feet were cold, with dependent 
rubor, more marked on the left Oscillometnc readings were practically absent from the 
left leg and markedly diminished on the right Histamine flare and saline absorption 
tests showed marked impairment of the collateral circulation Roentgenograms showed 
calcification of the vessels The response to left posterior tibial nerve block was excellent 
with marked warming over the area of distribution of the nerve 

Left lumbar sympathectomy was performed on January 17, 1948, excising the chain 
below L-i and above L'4 The lesult was phenomenal Within ten days after operation 
the patient walked eleven blocks, at which time he developed claudication in the opposite 
calf and fatigue of both thighs At his request right lumbar sympathectomy was per- 
formed on January 28th The result was again excellent 

The patient was seen last on May 5th, 1948, at which time his legs and feet were 
warm and drv and he was able to walk almost hmitlesslv without claudication until 
fatigue or boredom caused him to stop About 12 blocks was the distance of his usual 
walks and not infrequently this was extended to more than a mile 

DISCOSSION 

In the above series, eight lumbar sympathectomies were performed upon 
SIX patients w ith advanced, symptomatic peripheral arteriosclerosis Althougb 
the series is small, the variety of lesion included represents a cross section of 
those that may be encounteied In all cases, the degree of sclerotic vascular 
obliteration was severe, with both subjective and objective evidence of marked 
circulatory deficiency In only one of the eight extremities were pulses in the 
foot even faintly palpable Gangrene, wnth or w ithout ulceration and infection 
was present in five instances Despite the adv^anced degree of organic change 
and the complicating lesions definite benefit w as achiev'ed in sev^en of the eight 
cases, and limbs were saved that would otherwise probably have been lost 
Incapacitating intermittent claudication was the indication for sympathec- 
tomy in two cases (Cases 5 and 6) In both, the feet were cold and moist, with 
dependent rubor and blanching on elevation Their response to block was 
good Both achieved remarkable relief from s) mpathectomy, unilateral in one, 
bilateral in the other Case 5, now walks up to 10 blocks and severe rest pain 
and the sensation of coldness of the limb hav^e also been reliev'ed In Case 6 

70 



\o!umt ]2't 
Number 1 


SYMPAT HECTOMY IN ARTERIOSCLEROSIS 


the capacity to walk has been inci eased from about a city block to an mdefimte 
distance S} mpathectomy was perfoimed on the second side at the patient’s 
request as aftei its peiformance on the side of which he originally complained, 
his ability to \\alk increased to such a degree that intermittent claudication 
developed on the previously better side 

Cases I, 2, and 4 i\ere admitted with gangrene of one or more toes and 
accompanying infection In addition, Case i had a large dirty ulcer over the 
dorsum of the left foot with exposuie of the extensor tendons m the base of 
the ulcer In all of these, after sympathectomy, only toes were lost, with 
relatively asymptomatic use of the lemamder of the member This was of 
paiticular impoitance in Case 2 wdiere one leg had already been amputated 

Only m Case 3 is it questionable wdiether anything was accomplished since 
at the time that sympathectomy was performed extensive spreading gangrene 
of the foot w as pi esent and it w as ah eady accepted that the limb could not be 
saied The purpose of sympathectomy in this case w'as to lower the level of 
the necessai}^ amputation from above the knee to the mid-leg Incidentally, 
m this case, vaiious medical methods of treatment had been unsuccessfully 
tried before sympathectomy w'as peimitted Despite the occlusion of all major 
vessels demonstrated at opeiation, primaiy healing was obtained, obviously 
the result of an inci eased collateral circulation While haidly conclusive, it is 
possible that this piimary healing at the mid-leg level was attributable to the 
prehminar) sympathectomy, paiticulaily since on the other side, later ampu- 
tated w ithout sympathectomy, primary healing was not obtained 

The question of the propriety of attributing the results that were obtained 
to sympathectomy may be raised The experimental w'ork of certain investi- 
gators indicates that the blood suppty to the muscles of the leg is not directly 
controlled by the sympathetic nervous system (Grant, Friedlander, Silbert 
and Bierman) and on the basis of such data it has been stated that results 
achieved are independent of the operation On the other hand experimental 
work b)'^ Grimson and Shen indicates that the blood vessels of skeletal muscles 
do react to vasomotor impulses by vasoconstriction and dilatation This was 
demonstrated on both normal and skinned limbs, showing that the vasomotor 
phenomena occuired equally w'^ell in both If this is the case, sympathectomy 
would result in the elimination of wdiatever vasoconstrictor phenomena were 
present and promote healing 

I do not feel, however, that it is essential to analyze the validity of 
experimental w ork on vasomotor influence upon blood flow to the extremities 
m an effort to predict what the effect wull be in humans with vascular disease 
This is particularly so since there is a fairly large body of clinical material 
which gives, to my mind, indisputable evidence that circulation has been 
improved by the procedure (vide supra) While a decided increase in basal 
blood flow may not be expected after sympthectomy, as de Takats points out, 
fluctuations in blood flow due to influences of cold, standing and emotion do 
occur even in limbs with marked obliterative sclerosis and these are unques- 
tionably eliminated He demonstrates by oscillometnc graphs before sympa- 
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thectoni} the existence of such \ asoconstnctor phenomena, and the elimination 
ot these after s} mpathectomc jMoreover, both clinical examination and the 
usual circulatorc tests have demonstrated an improvement in the circulator) 
status after s) mpathectom) both in our series and m those of others, even to 
the appearance of pulses nhich nere absent befoie operation And why it 
should be accepted that r asoconstriction operates in thromboangitis obliterans 
It the blood suppl) to the leg muscles is independent of the sympathetic 
system, } et not m artei losclerosis, is difficult to understand 

The most striking evidence, however, is contained in the clinical lesults in 
the bod) of case material wdiich has been accumulated In his discussion of 
de Takats’ article, Ochsnei states that the functional result is more important 
than oscillographic lecordmgs It is indeed difficult to attribute the disappeai- 
cince of intermittent claudication after sympathectomy to anything other than 
the operatne piocedure, presuming, of course, that theie has been a follow' up 
of sufficient length to show' that the result obtained is not evanescent Insofar 
as the ulceiative and gangrenous lesions in our series are concerned, w'hile it 
is of course possible that these might have gone on to healing w'lthout sympa- 
ihectomy, as a lule lesions such as those desciibed almost invariably come to 
majoi amputation This was avoided m all but one of our cases, a case in which 
SI mpathectomy w as done not w'lth any hope of saving the foot but merely to 
insuie the success of amputation at the mid-leg level These lesults, I must add, 
aie no longei novel and are simply coi roborative of a much larger volume ol 
material alread) lefeired to 

The various non-surgical methods of treatment of circulatory deficiency in 
lienpheial aiteiioscleiosis (diethyl-ether, histidine and ascoibic acid, tetraethyl 
ammonium biomide. alpha tocopherol, etc ) have not seemed to have any com- 
liaiable benefit in our hands The operation itself, utilizing the Pearl approach 
as described bt de Takats, is an extiemely bland one w'lth little or no mortaht) 
It laiel) takes moie than a half hour to 45 minutes even in obese individuals 
and disturbs the patient less than a simple appendectomy Naturally, prelim- 
mar) testing b) sympathetic 01 peripheral nerve block serves as the basis for 
selection of cases for the operation Alcohol sympathetic block is not to he 
lecommcnded as its effect is frequently incomplete and impermanent, and 
SCI ions complications are not uncommon 

In conclusion I should simply like to reiterate the purpose of this report 
which IS again to call attention to the fact that a simple operative procedure 
ofteis hope foi staying the course of an otherw'ise dread progressive!) 
incapacitating maladt The reported results have been good out of proportion 
to the degree to which the profession at large has indicated their willingness 
to make use of the procedure It is in the hope that a more w idespread utiliza- 
tion of lumbar s) mpathectomy in the treatment of selected cases of peripheral 
arteriosclerosis w ill result, that this report is made 

SUMMARY 

I The literature on the use of lumbar s^ mpathectonr\ in the treatment of 
obhtcratue Aascular sclerosis is reriewcd 
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2 A series of eight extiemities with advanced, symptomatic, complicated 
lesions treated by lumbar sympathectomy is presented 

3 The rationale and efficacy of the piocedure are discussed, and an appeal 
foi its trial in selected cases made 


Addendum Since this irticle submitted for publication t\so cases with sufficient follow up 
are to be added to the series One was a private patient of Dr Morris Steinberg', a 54 year old male 
diabetic and arteriosclerotic, who developed an area of gangrene on the heel of a cold, pulseless extremit} 
The gangrenous area healed completeK following lumbar sympathectomy The second was a private 
patient of Dr Henr\ Dolger This was a 65 year old woman with diabetes and arteriosclerosis who 
had been completelj incapacitated bj a popliteal artery embolus sin. months previously The limb was 
pulseless and cold and there was pain even at rest Tollowing left lumbar sympathectomy, the color 
and temperature improied, the pain disappeared, and the patient is now able to walk five blocks 
without appreciable effort or distress 
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TISSUE REACTION TO PLASTICS USED IN SURGERY 
WITH SPECIAL REFERENCE TO TEFLONn 

Harry H LeVeen, M D 

AND 

J Roland Barberio, M D 

FRON THE DEPARTMENT OF <?URCCRY NEW \ORK UMVERSm 
AND THE UNIAERSITY OF CHICAGO 

Surgeons" interesis in plastics have been confined in the past to its 
application as suture material The increasing use of internal prosthetic 
devices has made surgeons more aware of the adaptability of plastics to these 
problems 

Plastics have been used to fill m bony defects in reconstructive and 
< maxillo-facial surgery, to replace missing segments of calvarium in neurosur- 
gery, m replacing large defects of the thoiacic cage, as a non-suture device in 
blood vessel anastomosis, to replace large segments of vessels experimentally, 
as blood vessel catheters, and in a host of other applications Since the majority 
of the plastics that have been investigated are non-absorbable, the limiting 
factor to then use would be the production of tissue reaction 

The factors which cause tissue reaction in non-absorbable plastics can be 
attributed to their chemical and physical properties Chemical inertness and 
insolubility have given the impression that many plastics would be free of 
tissue reaction This supposed chemical inertness may, however, be misleading, 
since glass also is apparently inert yet able to produce marked reaction 
Another factor to be considered is the addition of so called plasticisers in the 
process of manufacture These chemicals and other chemicals added for 
coloring purposes have a tendency to “sweat out” of the plastic and may 
produce intense tissue reaction ^ To further confuse, there are many different 
chemical formulas for commercial plastics marked under names such as 
Incite, plexiglass etc Some forms have added plasticisers, others have not 

Too little attention has been paid to physical characteristics of foreign 
substances vliicli may incite tissue changes In the case of metals, the galvanic 
effect IS capable of producing tissue necrosis ^ The surface chaige of foreign 
materials should be equalty important In addition, interfacial tension and 
abilit} to be net by nater should also be factors of considerable consequence 
Gortner and Briggs,^ utilizing the method of streaming potentials, shon ed that 
there n as a high electronegative charge on the surface of glass m contact n ith 
water When the glass was coated wuth paraffin, which cannot be wet by water, 
the surface charge was zero They postulate that absorption of positively 
charged colloids from serum might explain decreased clotting time in glass 

* Supported bj a grant from the U S Public Health Service, National Institute of 
Health 

T Submitted for publication, Ma>, 1948 
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vessels as compared to paiaffin coated vessels Similar effects may take place 
\\ ith instillation of supposedly inert foreign material into living tissue Carbon 
pai tides, although chemically meit, are capable of pioducmg fibrosis when 
inhaled by humans or injected into the peritoneal cavity of animals^ Since 
the carbon is chemically inactive, the fibiosis must depend upon physical fac- 
tois Such factors have leceived little attention m the past 

In previously desciibed methods of study, the substance to be tested has 
been embedded m the tissues Avith .subsequent obseivation of tissue 
reaction^’ ° Such methods will leveal but minimal tissue reaction since 
only a small suiface area of the substance is exposed to the tissue We were 
impiessed by the methods used m testing the foreign body reaction of dusts 
b)”^ the United States Bureau of Mines In this method the dust, which is 
finely divided, and has a relatively laige surface aiea per unit mass, is injected 
into the peiitoneal cavity which offeis a large suiface area of tissue for reac- 
tion to occui B}'- examining the peiitoneal cavity at a later date it has been 
possible to predict whether an inhaled dust would pioduce pneumoconiosis, 
silicosis, 01 no reaction We, theiefore, studied the peritoneal reaction to 
finely divided plastic in older to evaluate its tissue leactant capacity 

We have also studied the tissue reactions to a new plastic “Teflon,”"^ which 
IS one of the most chemically meit plastics yet discovered and which has 
unique physical pioperties The plastic is semiflexible, having bending piop- 
erties somewhat analogous to lead, but it is more buttle This plastic can 
easily be cut and shaped with a knife It has a distinct waxy feel The most 
unusual propeity of “Teflon” is that it cannot be wet with water Nothing 
will adhere to it and, once formed, it cannot be cemented to any other known 
substance The singular physical propeities of this chemically inert plastic 
prompted us to study its tissue reaction along wuth other plastics 

« 

MATERIALS AND METHODS 

Implantations of the plastic materials w'ere made m 21 dogs The materials 
were implanted in various sites for purposes of comparison The extent of 
division of the mateiial was varied to show^ the effect of increasing the exposed 
surface area The dogs were sacrificed at periods varying from 36 hours 
to SIX months postoperatively, at wdiich times specimens were obtained for 
microscopic study Routine aseptic surgical technic was altered only 111 that 
no gloves w^ere used to avoid possible tissue reaction caused by the various 
dusting powders The hands were caiefully scrubbed and immersed m alcohol 
All of the animals w^ere given 300,000 units of penicillin in oil and beeswax 
postoperatively to minimize the possibility of infection and its resultant tissue 
1 espouses All plastics were placed distant to sutures Cotton thread was used 
as the suture material throughout 

The materials studied m this way w^ere FM-i nylon, celluloid, lucite, and 
teflon All materials used w’^ere free of plasticisers and color The materials 

* Furnished through the courtesy of E I Dupont & Co , Arlington, N J 
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\\ere carefulh ^\ ashed and cleansed and copiously rinsed with distilled water 
Sterilization was accomplished in an autoclave 

In an additional experiment, a suspension of extremely small particles of 
cellophane w^as made according to a method described by Cannon &. Marshall 
for collodion^® These washed and suspended particles pass easily through a 
fine gauge needle This material w'as injected into the peritoneal cavity of 
four guinea pigs 

Although a similar type of suspension can be made wuth Incite, w'e have 
been unable to prepare satisfactory suspensions of nylon, polythene or teflon 
by chemical methods Mechanical methods utilizing filings also fail to produce 
sufficiently small particles for suspensions which could be injected through a 
fine needle It is possible that suspensions could be made of these materials in 
a colloid ball mill although we have not investigated this possibility Liicite, 
celluloid and njlon w'ere obtained in a finely divided state by taking the 
shavings produced by drilling holes in the solid material Teflon was finely 
divided b)" taking small slices from a rod in fashion similar to that used for 
cutting paraffin sections on a microtome 

Microscopic sections w^ere made in all cases at the time the animals were 
sacrificed lor gross observations 


RESULTS 

Celluloid — At the end of three days, an intense fibnnoplastic reaction was 
seen The peritoneum w'as lusterless and granular The omentum, bow'el and 
adjacent tissues were edematous, hyperemic, and matted The fat w'as indu- 
rated and friable and generally contracted The peritoneal cavity contained 
small quantities of serosangumeous exudate 

The omentum was no longei discernible as a distinct structuie Micio- 
scopic sections confirmed the presence of acute inflammatory changes wntli 
infiltration of polvmorphonuclear leucocytes Theie was extensive edema of 
protein rich fluid riotein material adsorbed on the surface of the plastic was 
discernible as a distinct lajer The capillaries were engorged and showed 
diapedesis of cells in some areas The reaction was most intense wuth celluloid 
as compared to the other plastics 

In 70 da>s, the acute inflammatory reaction had subsided Loops of bowel 
were bound to one another and to the omentum by dense fibrous tissue The 
shrunken fibioiis tissue had pulled bowel and omentum into a solid mass 
Microscopic sections taken at the 70-day' mteiw'al show' active fibroplasia, 
extending some distance from the site of plastic implantation Epithelioid 
fibroblasts and giant cells weie present in areas adjacent to the plastic lu 
some areas chronic inflammatory changes could be seen with infiltration by 
some poly morphomiclear leucocy tes, plasma cells, large and small ly mphocytes, 
macrophages, and Langhans giant cells In the fissures of the solid plastic, 
pigment similar to hemosiderin was visible Again the plastic material was 
always coated by a thin la^er of protein 
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Lucite — Aftei three days the leaction to Incite ^^as similai to that obsen ed 
with celluloid but not quite as intense 

Acute inflammatoiy changes w'eie present which caused an extensive 
matting of all tissues exposed to the lucite None of the plastic material could 
be found free m the peritoneal cavity In one dog, a dilated loop of small 
bowel was seen entering a matted mass (Fig i) Microscopic sections showed 
extensive acute mflammaton changes 



Fig I — Photogi aph of the peritoneal cavity of a dog 3 days 
after tiiiplantmg fine lucite shavings — Omentum and bowel form 
a large inflammatory mass A loop of partially obstructed and 
dilated small bowel, to which an Allis clamp is attached, is visible 
at the lower angle of the abdominal incision At the upper angle, 
a Kocher clamp retracts the abdominal wall to show dense adhe- 
sions betw'een it and the liver An additional Kocher clamp imme- 
diately below grasps a dense adhesion w'hich was severed None 
of the leucite shavings he free in the peritoneal cavity, all are 
covered by reddened inflammator3' tissue 


Dogs sacrificed after the 70-day interval, showed the same dense fibrotic 
changes which occurred with celluloid implantation after a similar period No 
marked quantitative difterences could be seen either grossly or microscopicallv 
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when compared to the late celluloid changes desciibed above (Fig 2) It was 
apparent that the process had not yet become inactive 

Nylon — We were somewhat amazed to find that the peritoneal reaction to 
finely divided nylon w-as identical with that described for lucite (Fig 3) 
Teflon — On comparing the reactions of the above plastics to teflon ven 
stiikmg diffeiences were seen Finely divided chips of teflon w'ere seen to be 



Fig 2 — Lucite shaving in pentoneal cavity The fibrosis can be seen 
to extend some distance from the plastic completely replacing omental fat 
A thin la> er of adsorbed protein ( A P ) is visible on the surface of the 
plastic 

The large daik spots in some areas represent foreign body giant cells 
Unimohed omental fat (OF) is present on one corner 

l3mig free m the pentoneal cavity There w'ere no acute inflammator) changes 
and no gioss evidence of tissue reaction (Fig 4) Occasional!} chips could 
be seen encased in omentum, but the extent of peritoneal reaction w^as ceitainl) 
no nioie than would be expected from simple surgical manipulation 

At tbe end of 70 da3's most of the chips were surrounded by omentum 
There was no fibroblastic leaction and the chips could be easily removed from 
the flims} omental adhesions which w'ere broken wnth ease 

The reaction to implanted teflon is illustrated in Figs 5, 6 and 7 
A thin fibrous sheath of mature fibroblasts sui rounded tbe plastic by the 
end of 70 da3s No proliferative foreign bod)' reaction was present 

By the end of six months, the delicate fibrous capsule surrounding the 
plastic had not increased in thickness (Fig 6) An intact inesothelial-like 
laver on the omentum exposed to the plastic (Fig 7), emphasized the plastics 
inabilit) to produce tissue changes, and suggested that the fibrous capsule was 
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Fig 5 — Photomicrograph of teflon implanted m muscle tissue 3 days after implan- 
tation — There is a somewhat cellular debris immediately adjacent to the teflon caused 
b\ surgical trauma Observe the absence of early polymorphonuclear leukocytic response 



Fig 6 — Photomicrograph of teflon strip in peritoneal caiitj at 6 month 
inter! al 

Notice the thin laier of mature fibroblasts (F C ) under the intact 
mesothehal laier (ML) No fibrosis is ‘^een extending into omental fat 
(OF) The adjacent plastic (TEF) shows no adsorption of protein 

80 



Volume 121 
Numtcr 1 


PLASTICS IN SURGERY 


caused by trauma lather than by tissue leaction In contradistinction to all the 
other plastics, the surface of teflon in all sections was free of adsorbed protein 
With the exception of teflon, the various plastics produced more intense 
reaction when finely divided mateiial was placed in the peritoneal cavity than 
w'hen tissue implantations of large pieces of mateiial were pei formed In 
addition, plastic implantations into tissues necessitated varying amounts of 
surgical trauma which was difficult to evaluate when estimating the degree of 
tissue response incited by the foreign material alone 



Fig 7 — High power photomicrograph of omentum adjacent to plastic 
Notice the intact mesothelial lining and the verj' thin la^^er of mature fibrous tissue 
immediatelj’- beneath it 


Cellophane — The four guinea pigs in which the suspension of cellophane 
w^as injected intrapei itoneall) were sacrificed 7 dajs, 12 days, 21 days, and 2 
months following injection A late fibrotic response comparable to that 
described by others w^as obsen^ed 

DISCUSSION 

Nylon and lucite plastics, wdiich have been reported as free of tissue 
response,®’ are really potent excitors of tissue reaction Previous 

obsen^ations are explained wdien one considers that but a small surface area 
of the plastic had been exposed to an equally small surface area of tissue The 
changes therefore take place in miniature The end result is a dense fibrous 
capsule surrounding the plastic This type of reaction is seen with many non- 
absorbable materials 

Whether the tissue reaction is due to the dissolution of traces of the unpoly- 
merized chemicals used in plastic manufacture or actually to the solution of an 
infinitesimal amount of the plastic itself cannot be determined The authors 
believe that the physico-chemical characteristics of the surface of the foreign 
material has much to do wnth tissue reaction If proteins or w^ater are adsorbed 
on the surface of the plastic, the molecular configuration must necessarily be 
altered from that of adjacent tissue With regard to this hypothesis, micro- 
scopic studies on all the plastics, w ith the exception of teflon, showed adsorption 
of protein on the plastic surface All but teflon produced a proliferative foreign 
body reaction Knisely has demonstrated that India ink particles injected into 
the blood stream are coated wuth a protein material before phagocytosis can 
occur The adsorption of protein by plastic surfaces, w^hich can be wetted may 
similarly affect the production of giant cells and proliferative foreign body 
leaction Physico-chemical factors are potent stimuli in wound healing When 
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tlie onentation of each molecule to its adjacent molecule has been restored 
the proliferative reaction associated with wound healing ceases Since metallic 
surfaces can also be wet with water, it would be nnpoitant to lestud) these 
substances by tlie intiapentoneal method 

In testing for tissue leactioit to foieign mateiial, it is essential that the 
greatest possible surface area of the mateiial be exposed to the greatest possible 
surface area of tissue This is best accomplished by injecting the powdered 
material suspended m saline into the peiitoneal cavity of the experimental 
animal Such a test is the most delicate mdicatoi of tissue i espouse The 
animals should be saciificed at the end of three days and three months to 
ascertain the effects Gioss observation seems sufficient Plastics wdnch pro- 
duce tissue response wdien tested by this method may still be useful m surgerj 
How'ever, the suiface should be well polished to reduce suiface area It is 
certainly wisei to substitute a mateiial which does not have these disad- 
vantages 

Because nothing wnll stick to teflon, it suggests itself as an ideal substance 
for bile duct tubes,'*' where foimat’on of concietions has been a problem 
Polythene, which also is somewdiat w'atei repellent, more lecently has been so 
used It should be pointed out, how'ever, that a wide discrepancy exists in 
the published reports on the tissue reaction to polythene Ingraham® found 
polythene to be virtually a non leactoi, while Poppe®® states that polythene 
film induced even a greater fibroblastic response tlian cellophane It w'as the 
most sclerotic substance tested (Dupont & Co w^as the source of the material 
in each case ) This tissue reaction may result from dicetyl phosphate incor- 
porated in the polythene during certain methods of manufacture 

Teflon should be suitable for intravenous catheters and for replacing seg- 
ments of small blood vessels, since blood does not clot on matei lals wdnch can- 
not be wet wuth w^ater 

Page and others^^’ have showm that cellophane produces a marked fibro- 
blastic response m the tissues Cellophane can be w^rapped around large 
vessels-^® to produce gradual occlusion oi to fibrose aneurysms,*’^®’ As a 
corollar)'^, our w'ork suggests that colloidal suspensions or even coarser suspen- 
sions may be injected through small needles to produce the same sclerosing 
effect It, therefore, seems possible to occlude such major vessels as the abdom- 
inal aorta by injections into the surrounding adventitial tissue wuthout the 
necessity of operation Since pow’dered cellophane wmuld expose the greatest 
possible surface to the tissue, this method seems the most logical Caution 
should, how'ever, be exercised in the clinical use of cellophane since sarcomas 
have been induced in a high percentage of laboratory animals by cellophane 
implantation ““ 

It IS suggested that there be a standardized method for testing tissue reac 
tion to foreign substances This method should have maximum sensitivitj so 
that minor differences may be appreciated Such a method w ould have the ac - 

* The Zack Manufacturing Co, 1422 So Cuyler Berwjn, III, supplies mam of 
these various appliances 
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vantage of providing a base line for comparison and be sufficient!)' objective to 
offset the personal equation in interpretation 

The injection of fineh suspended material would be ideal Some such sus- 
pensions can be manufactui ed chemically , others may be formed by the use of 
a colloid ball mill If fine suspensions cannot be made, the intrapentoneal 
instillation of finely divided material a\i 11 give adequate information 

SUMMARY AND CONCLUSIONS 

The surface area of both the foreign substance and the tissue exposed are 
important factors in determining tissue reaction Intrapentoneal instillation 
of finely divided foreign materials is therefore the testing method of choice 
Chemically inert plastics which cannot be wet with water produce the least 
tissue response The tissue response to a number of plastics including a new 
plastic, teflon, has been described Some practical applications evolving from 
these studies have been suggested 

Appreciation is expressed to Dr Eleanor Humphreys, whose many suggestions and 
pathologic opinions made this work possible 

Thanks is also given to Dr Alfred Angrist for his aid in the preparation of the 
manuscript 
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EXPERIMENTAL PULMONARY COLLAPSE* 

James L Sotjthworth M D. 

FROM THE SURGICAL SERVICE U S MARINE HOSPITAL 
BAITIMORE MARYLAND 

The ABILIIY OF CERTAIN SYNTHETIC PLASTIC MATERIALS tO incite fibtOSlS 
has been described by seveial investigators Page^ used cellophane to produce 
fibrosis of the kidney capsule Pearse^ studied the effect of the same material 
on blood vessels Poppe and de Oliveira^ found that polyethylene produced 
fibrosis of the aorta in dogs Ingraham, Alexandei, and Matson,^ reviewing 
the use of these materials in surgery, conclude that cellophane is irritating to 
tissues and that the effect of polyethylene is variable owing to differences in 
its manufacture for commercial purposes, pure polyethylene tubing is non- 
irritating These studies suggested that it might be worthwhile to investigate 
the fibroplastic effect of cellophane and polyethylene on the pleura and lung to 
determine if pulmonar}'’ fibrosis or collapse could be produced 

Experiments were carried out on healthy mongrel adult male dogs weighing 
3 9 to 12 7 kg Nembutal and ether were employed for anesthesia With aseptic 
technic pleurotomy was performed and a sheet of plastic material was wrapped 
about the dorsal, ventral and lateral surfaces of one lung, which was re- 
expanded at time of closure of the wound A total of 12 animals was used 
These were sacrificed three to six months after operation Autopsies were 
performed, findings were photographed, and sections made of tissues from 
treated and untreated sides 

The plastic materials used were cellophane and polyethylene which were 
obtained in the form of sheets * Before use, the material was sterilized by 
immersion in 1-1,000 aqueous zephinn solution for one hour, after which it 
was washed in sterile physiologic saline solution 

CHANGES PRODHCED BY" CELLOPHANE 

The changes produced by cellophane were somewhat fulminating m the 
two animals in which it was used There was exudation of serous fluid 
requiring thoracentesis — once in one animal and on numerous occasions in the 
other animal Both recovered, however, and were sacrificed three months 
after operation At autopsy, the chest wall and entire lung were collapsed 
toward the mid-line , the heart and mediastinum were not displaced The 
greatest diameter of the unoperated thoracic cavity was 6 cm , that of the 
operated side was i cm The operated thoracic cavity contained a tough 
fibrous mass of thickened pleura, collapsed lung, and cellophane The cello- 
phane retained its characteristic structure and strength , it had not been 

=*■ Submitted for publication, July, 1948 

** Cellophane, 300 PUT-71 , Polyeth3dene, i 5 mil polythene, sample No 4553 These 
iyere kindly furnished by Mr A S Taylor, Cellophane Division, E I DuPont de 
Nemours and Company 
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invaded by tissue The lung of the untreated side and the heart and pencardiimi 
were normal Sections revealed extensive fibrosis of the pleura, both panetal 
and visceral The lung showed absence of air spaces, increased cellulanty due 
to connective tissue cells, and some increased interstitial collagen formation 
Because of intense early irritative reaction in response to cellophane, the 
remainder of the expei iment was carried out with polyethylene film 

CHANGES PRODUCED BY POLYETHYLENE 

This material was placed over the lung on one side in ten different animals 
The early severe irritative reaction noted with cellophane was not encountered 
noth polyethylene — ^the operation was tolerated well No animals required 
thoracentesis , all maintained weight, were active, and appeared healthy One 
animal developed a sinus from the lower end of the operative nound fi\e 
months after operation (see page 87) The animals were sacrificed at inteivals 
after operation, one group after three months and one group after six months 
Changes piodnced after three months Four animals were examined tor 
changes in the thorax three months after application of polyethylene over the 
lung In one, no changes v ere produced , neither the lung nor thoracic cage 
u^re collapsed The sheet of polyethylene film remained unchanged m the 
pleural cavity The pleura was normal except at the region of the operative 
scar In the other three animals of this group moderate degrees of collapse 
were produced The thoracic wall on the treated side was pulled medial!} 
because of a capsule of thickened visceral and panetal pleuia which enveloped 
the plastic film The mediastinum was shifted slightly to the affected side in 
one animal 

i Sections of treated lung from this group showed patchy inciease of inter- 
stitial collagen with collapse of air spaces Intervening spaces of lung pre- 
sented a normal appearance The pleurae were greatly thickened due to 
fibrosis The plastic material had not been invaded by fibroblasts It appeared 
that extensive collapse w'as not achieved in three months 

Changes piodnced aftei sn months The treated side of the thoracic cages 
of the SIX animals sacrificed after six months show'ed marked degree of collapse 
of the chest wall and lung (Fig i) comparable to that noted in the annnaF 
treated wuth cellophane The plastic sheet was found to be wrinkled and m 
some instances bunched and to be encased in a thick fibrous envelope wlncli 
had been thown out bj the panetal and Aosceral pleurae The action of tlii'’ 
fibrous envelope apparently resulted m collapse of the chest w'all medial!} and, 
m turn, collapse of the lung The mediastinum was shifted little if an} to the 
operated side , the pericardium was in no way affected since the plastic shee$ 
had not been placed in direct contact wnth it The lung on the unoperated suit 
wms normal both grossly and histologically (Fig 2) 

Sections of collapsed lung in these animals showed uniform increase m 
the density of the lung tissue The air spaces were obliterated or greatU 
reduced h\ collapse and by interstitial fibrosis New collagen was abuncant 
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about the capillanes and in the alveolar walls (Fig 3) The pleura was 
greatly thickened 

In one animal of this group, a sinus opened spontaneously in the operative 
wound during the fifth month Serous drainage from this sinus was appaientlv 
due to foreign body reaction since cultures of the fluid during life and at 
autopsy exhibited no growth The sinus, explored at autopsy, extended into 



Fig I — Collapse of the right side of the thorax and of the lung six months after 
application of polyethylene film about the lung The anterior part of the thickened pleura 
and plastic material have been removed Note loss of normal flaring curie (present on 
the left) on the right indicating collapse of the chest wall 
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an mteispace and directly to a small pocket bound by thickened pleura on one 
side and polyethylene film on the other No free fluid was found elsewhere 
The usual degree of collapse of the chest wall and lung was produced 

In another animal an attempt was made to collapse a portion of lung by 
confining the application of cellophane to the uppei lobe only This was suc- 
cessful in collapsing the lobe and adjacent chest wall The remainder of the 
pleuial cavity remained free of adhesions 



Fig 2 Fig 3 

Fig 2 — Section of lung from an untreated side Van Gieson stain 
Fig 3 — Collapsed lung and thickened pleura produced by polyethylene film placed 
over the lung This section is taken from the junction of the lung (left four-fifths of 
the figure) with the visceral pleura (right fifth of the figure) Van Gieson stain 

DISCUSSION 

It appears that cellophane or polyethylene film when placed over the lung 
m dogs will produce thickening of the pleurae and collapse of the chest wail 
and lung , some fibrosis of the lung follows Polyethylene of the type studied 
seems to be as effective as cellophane and is fiee fiom fulminating pleural 
reaction pioduced by the latter substance In one instance a late reaction to 
the plastic material resulted in an open sinus through the operative scar, but 
vithout detectable infection The changes produced are compatible with hfe 
and health in dogs Although comparative measurements of respirator}' func- 
tion were not made, it vas observed that operated animals were as active as 
noimal and exhibited no evidence of dyspnea 

One difficultv in further application of “cellophane fibrosis” to produce 
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pulmonary collapse arises from the variability of plastic films with respect to 
ability to induce fibrosis The fibrous reaction is apparently produced by 
plasticizers used in manufacture of the product for commercial purposes The 
film, for medical purposes at least, is a convenient vehicle for maintenance of 
an irritating chemical in a certain location More recently, Blakemore® has 
indicated that polyethylene film of known fibroplastic qualities can be obtained 
Whether or not cellophane collapse of the lung would be applicable to 
collapse therapy of human tuberculosis is conjectural The reaction of the 
pleura of a tuberculous lung might well be quite different from the reaction of 
healthy dog pleura On the othei hand it is quite likely that if the production 
of localized thickened pleura and adhesions should be desirable, as in oblitera- 
tion of an emphysematous bleb, eithei cellophane or polyethylene of suitable 
composition would be quite effective 
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STREPTOMYCIN IN SURGICAL INFECTIONS VII 
NONPULMONARY TUBERCULOSIS 
(LYMPH NODES, URINARY TRACT, BONE, AND PERITONEUM)* 

Major Edwin J Pulaski, M C , U S A 
1st Lieutenant James F Connell, Jb , M C , A U S 
1 st Lieutenant Adam Kowalczyk, M C , A U S 

AND 

Colonel Sam F Seeley, M C , U S A 

Fort Sam Houston, Tfxas 

FROM THr SURGICAL RESCARCH UNIT BROOKE GENERAL HOSPITAl 
BROOKE ARM\ MCDICAI CENTER TORT SAM HOUSTON TFVAS 

This communicaiion reports United States Army Hospital expeuences 
with streptomycin therapy in 35 cases of tubeiculous lymphadenitis 46 cases 
of infection of the genito-unnary tract, 24 cases of tuberculosis of bone and 16 
cases of ulceiative tuberculous enteritis 

TUBERCULOUS LYMPHADENITIS 

Up to June I, 1948, 35 cases of tubeiculosis originating m the lymph nodes 
had been tieated with streptomycin and fully studied m U S ^rmv hospitals 
as part of the Army streptomycin program 

Pievjons Government Expeuenc^ In Government hospitals, 36 patients 
with lymphadenitis of proved tuberculous oiigm weie treated with strepto- 
mycin prior to March, 1948 In 12 patients glands disappeared , m 18 tliev 
became smaller and in six they were unchanged m size In addition to these 
cases, 51 patients with draining lymph nodes weie treated and studied Forty- 
five of the 51 were regarded improved, but the Committee could not state 
whether the lesions in these 45 disappeared or merely became smaller The 
Committee legards streptom}cm as of value in tuberculous lymphadenitis 
A) my Expeuence The age range in the 35 patients with tuberculous 
lymphadenitis m the Army series was from 18 to 52 years The majority were 
m their early tw^enties Fourteen patients bad tuberculosis m other areas of 
the bod} , chiefly the lungs In two cases the disease had spread to other parts 
of the body in addition to the lungs and the lymph nodes In 26 cases tlic 
lymphadenitis W'as located in the anterior and posterior cervical chain In 
four cases the axillary nodes were invoNed and m five the mediastinal nodes 
In 16 cases the lesions had progressed to necrosis with smus-formation an 
were discharging pus In the remaining 19 cases the lymph nodes 
enlarged but still intact Diagnosis was by biopsy supplemented in a few 
cases by cultures or by guinea pig inoculations 

The dosage schedule m most cases was i 5 to 2 o Gm of streptomycin 
daily by the intramuscular route, given m three or five injections, m a fe" 
instances the dose w'as i Gm a day given in tw'o inject ions The duration ^ 

* Submitted Ma\ 10 1948 
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treatment ranged from lo to 120 days, most of the patients were treated for 
periods of 10 weeks Adjuvant local measures were employed m four cases 

Streptomycin therapy was used with two objectives in this series of cases 
The first objective, m 26 cases, was to arrest the infection by the administra- 
tion of the drug In the other nine cases streptomycin was used before oper- 
ation, to pi epare the patient for surgery and to protect him against dissemina- 
tion of the disease, and aftei operation, to lessen the dangei of sinus-formation 
and metastases In this gioup of cases the average period of administration 
was 56 da}s Six of the 19 patients with simple lymphadenitis were treated 
b} surgical measures, which were also employed m three of the 16 cases in 
which smus-foimation had occuried 

Uvcoiu plicated Tubei culous Lympkadeiuhs Thiiteen cases of lympha- 
denitis without smus-formation w^ere tieated only by streptomycin, with good 
1 esults in nine cases and failure 111 four One of the patients who had no results 
fioni streptomycin also had syphilis, for wdiich he had been treated wnth 
penicillin for thiee weeks, the associated syphilitic infection peihaps played a 
part 111 the failure of the lymph nodes to regress The othei patient wdio had 
no results fioni stieptomycm therapy had had scrofula for 18 j’^ears, and the 
disease was probabh so far advanced that extensive fibrotic changes had 
resulted Whatever the leason, there w'as no demonstrable change m the state 
of the 1 } mph nodes at the end of 60 days of streptomycin therapy The third 
failure was in a patient wnth widely disseminated miliary tuberculosis, and 
the last failure was m a patient with cervical lymphadenitis and minimal pul- 
monai} tuberculosis in whom there w^as no regression after two months’ 
treatment 

Six patients with uncomplicated 1 } mphadenitis w^ere treated wnth strepto- 
mycin in combination with surgical measures In four cases the drug was used 
for 12 days, after surgical excision of tuberculous cervical lymph nodes, as a 
prophylactic measure to ensure primary w^ound healing In the other twm cases 
the patients were submitted to exploratory thoracotomy and biopsy of the 
mediastinal lymph nodes, and received streptomycin for 30 days, to protect 
against spread of the disease, pooi wound healing and other complications 
There w'as uncomplicated healing wnthout spread of the disease in five patients 
and no change in one patient 

Tuberculous Lymphadenitis zoitJi Sinus F01 iiiation There w'eie 16 
patients m this group, thiee treated with surgery and 13 without surgery One 
of the three patients treated by surgical measures in this gioup had an “orange 
size” tuberculous abscess of the axilla , acid fast bacilli w^ere recovered from 
the exudate Streptomycin w^as given by the intramuscular route for 18 days 
before and 81 days after surgical drainage of the abscess, and the wound was 
dressed every other day with gauze impregnated with i Gm of streptomycin 
dissolved in saline The amount of exudate slowdy decreased and the wound 
appeared w'ell healed six weeks postoperatively There has been no sign of 
recurrence in a six months’ follow^-up The second patient treated by surgery 
W'as submitted to six w eeks of streptomycin therap} for draining sinuses in the 
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neck originating in caseatmg, matted anterior cervical lymph nodes The 
adenitis did not resolve Drainage lessened but continued Excision of the 
involved glands en hloc with the sinus tracts and surrounding skin was then 
performed The wound healed solidly Streptomycin was continued for three 
weeks postoperatively There has been no recurrence m a four-months follov- 
up period The third patient had a draining axillary sinus following incision 
three years previously The tract and compromised tissue were excised and 
I Gm of streptomycin instilled The antibiotic was administered intramuscu- 
larly for 14 days postoperatively The wound healed and has remained so 
In II of the 13 patients with tuberculous lymphadenitis complicated by 
sinus formation who were treated by streptomycin without surgery, the results 
were good The sinuses healed during the course of therapy and there was 
impressive regression in the size of the lymph nodes, which in some instances 
disappeared so completely that they were no longer palpable The remaining 
two cases in this group were therapeutic failures The first patient who had no 
results from streptomycin therapy had mihary tuberculosis with draining 
cervical lymphadenitis Death occurred after 115 days of therapy Culture 
sensitivity tests shortly before death revealed extreme resistance to strepto- 
mycin of the organisms In the second unsuccessful case streptomycin was 
given foi 10 days, during which period the draining tuberculous sinuses closed 
Streptomycin was not continued, however, because of the appearance of gen- 
eralized purpura It was realized that this development might be the result of 
a long previous course of salicylate therapy, but the possible responsibility of 
streptomycin could not be discounted Three wrecks after the interruption of 
therapy the sinuses re-formed and the amount and character of the drainage 
became essentially the same as befoie streptomycin had been given 

Comment The follow-ups m the Army series of cases of streptomycin- 
treated tuberculous lymphadenitis are too short to permit generalizations as 
to the value of this antibiotic m this condition Tuberculous lymphadenitis, 
however, is a notoriously obstinate condition, and the excellent results obtained 
in many cases (20 of the unoperated cases, and six of the operated cases in 
the series) suggests the propriety of the continued use of streptomycin in its 
management Noteworthy is the fact that one failure could be attributed to 
streptomycin fastness of the organism and the other to streptomycin toxicify 
The results of streptomycin therapy were generally better and prompter 
when surgical measures were combined with it Apparently the preoperative 
and postoperative use of this agent is helpful in preventing sinus-formation 
and in expediting the closure of sinuses which exist The ideal treatment 
would seem to be saturation of the tissues b)'- the administration of streptomycin 
at therapeutic levels for a period of one to two months If at the end of that 
time there is no clinical response and if the case is amenable to surgery, block 
dissection of the lymph nodes or removal of the primarj' focus of infection 
should be considered Following surgerj^ the same therapeutic levels should 
be maintained until it is clear that primary healing has been accomplished 
Packing the operative site with gauze saturated with a solution of streptomycin 
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was earned out in only thiee cases in this series, but would seem desirable as a 
means of shortening the period of disability Moreover, cases which had been 
refractoiy to streptomycin before removal of the infected tissues might show 
improvement under this treatment after the local blood supply had become 
adequate 

Good lesults cannot be expected in tuberculous lymphadenitis unless the 
course of streptomycin therapy is adequate Long courses of therapy may, 
however, give rise to toxic reactions and the patient should be carefully 
watched (The use of dihydrostreptomycin may reduce the severity and inci- 
dence of neuiotoxicity) 

It vas of mteiest m the Army senes, when the same patient presented mul- 
tiple mvohement, that there was no appaient correlation between improvement 
m the local lymphadenitis and changes in pulmonary tuberculosis processes 
Even m cases m which tuberculous lymphadenitis was apparently cured, 
roentgenograms evidenced no peiceptible changes m the pulmonary disease 

TUBERCULOSIS OF THE GENITO-URINARY TRACT 
Up to June I, 1948, 46 full}'^ studied cases of tuberculosis of various 
portions of the genito-uiinary tract had been treated with streptomycin in 
U S Army hospitals as part of the Aimy stieptomycm program 

Pievwiis Govet ninent E.xpe)ience Up to May i, 1947, streptomycin had 
been administered in 41 cases of proven genito-urinary tuberculosis m hospi- 
tals of the Army, Navy, and Veterans Administration Thirteen of this group 
had 120 days of treatment and had multiple lesions of the genito-urinary tract, 
on an average of 3 5 lesions per patient Cultures of vesical urine were made 
every fortnight and cultures of ureteral urine every 40 days during therapy 
Nine of the 13 patients improved, but, m most cases, only temporarily as to 
frequency and dysuria Vesical capacity increased m 10 of the 13 Cystitis 
diminished in ii cases Twenty-five of 32 lesions in the posterior urethra, 
prostate, and seminal vesicles improved Only four of the 13 patients continued 
to have positive urine cultures after the first ao days of treatment, and only 
two of these were positive one month after the conclusion of treatment In 
both instances the bacilli were resistant to more than 500 micrograms of strep- 
tomycin per cubic centimeter On the other hand, there was little change in 
the excretory or retrograde urograms 

It was the opinion of the joint committee that while these results seemed 
hopeful, only time could tell whether improvement m the lesions of the lower 
urinary tract would be permanent The lack of change in the urograms should 
be noted In a more recent report the Committee is more optimistic regarding 
the favorable effects of streptomycin in genito-urinary tuberculosis 

Aimy Expeuence The 46 cases of proven genito-urinary tuberculosis 
observed in the Army streptomycin program were men of military age In 
18 cases there were tuberculous lesions elsewhere in the body, generally in 
the lungs The course of treatment was adapted to the case At the conclusion 
of treatment ii patients were regarded as benefited and ii as not benefited, 
while in 24 cases the results were too equivocal to permit any conclusions as 
to the value of streptomycin in tuberculosis of the genito-urinary tract 
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Impioved G)oup Foui of the ii patients who were regarded as mipro\ed 
at the end of treatment had tuberculosis apparently confined to the bladder 
and seven others had tuberculosis of the bladder and kidneys, three patients 
in the latter group also had tuberculosis epididymitis 

Only one of foui patients whose tuberculous lesions weie confined to the 
bladder had pulmonaiy tuberculosis, it was declared inactive All were given 
2 Gm of streptomycin intramuscularly daily in five doses, over a period of 
60 to 80 days These patients had nephrectomies for tuberculosis prior to 
streptomycin theiapy, with persistent draining sinuses in one Cystoscopies 
showed multiple ulcerations of the vesical mucosa In all patients relief from 
frequency and dysuria occurred progressively after two weeks of streptomycin 
therapy and vesical capacity increased significantly Cystoscopy levealed pro- 
gressive healing of the vesical lesions The draining sinus after nephrectomy, 
present in one patient, closed during streptomycin treatment and remained 
healed Other signs of impiovement were negative smeais and cultures and 
patients w^ere observed for six months after the conclusion of treatment There 
was a return toward normal limits of erythrocyte sedimentation rates There 
was no clinical or bactenologic evidence of i elapse Thiee of the four patients 
showed a significant gam in weight 

The six patients w ith vesical involvement and other lesions in one or both 
kidneys, who w^ere regarded as improved, received streptomycin for an average 
of 120 daj^s by the above dosage A 31 -year-old male with right renal and 
vesical tuberculosis show ed symptomatic and cystoscopic evidence of improve- 
ment of vesical tuberculosis Retrograde urograms, however, showed no 
impiovement of the right kidney after 12 weeks of therapy, and the cultures 
w^ere positive for acid fast bacilli resistant to streptomycin Therefore, a right 
nephrectomy w'as performed Examination of the kidney show'ed no change 
which could be attributed to streptomycin The w'ound healed primarily 
Streptomycin w'as discontinued six weeks postoperatively The patient’s con- 
dition at pi esent is good Each of the six patients had a similar clinical course , 
cystitis and dystina were improved, the ulcerated lesions in the vesical mucosa 
disappeared, and urines became negative for acid-fast bacilli There w'as, how'- 
ever, no change m the radiographic appearance of the kidney Three patients 
had tuberculosis involving the bladder, ureter, one kidney, testicle and 
epididymis Stieptomycm w^as given two w'eeks before and six wrecks following 
lemoval of the involved kidney, uretei, testicle and epididymis In all instances 
the therapy appeared beneficial The w'ounds and scrotal sinuses healed pri- 
marily and the cystitis cleared Several cultures of the urine were negative for 
acid-fast bacilli, during the follow-up period 

Doubtful Group The 24 patients with genito-urmary tuberculosis who 
had doubtful results from streptomycin fell into three classes Four patients 
submitted to epididymectomy and/or orchiectomy for tuberculous epidi > 
mitis and/or orchitis received streptomycin postoperatively m daily dosages 0 
2 Gm The wounds healed primarily^ in three out of the four cases 
patients with unilateral tuberculosis of the kidney w^ere treated before an 
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after nephrectomy The vvounds healed pnmaiily and the cystitis subsided 
In the SIX cases followed there was no breakdown of wounds during a four- 
month period of observation, and no evidence of spread of the disease by the 
operation The 14 doubtful cases of the third class received no genito-unnary 
surgical therapy These cases had both kidneys involved, tuberculosis of a 
remaining kidney, or scrotal and testiculai tuberculosis 

Unmipi oved Gioup Of the ii patients which were not benefited, nine 
received i Gm or less of streptomycin pei 24 hours , one had pulmonary tuber- 
culosis , and one had tuberculous epididymitis 

Comment This series of cases of tuberculosis of the genito-unnary tract 
IS too small to be of any statistical significance The fact, however, that only 
II of 46 patients improved on stieptomycin therapy is not promising It is 
probably important that most of the patients in whom improvement was 
observed had tuberculosis of the bladder 01 a scrotal sinus and that, in those in 
which other organs of the genito-unnary tract were involved, improvement 
was confined to the bladder or sciotum, the disease m the other organs show- 
ing practically no alteration This suggests that streptomycin may be useful 
m the preoperative and postopeiative management of cases of genital tubercu- 
losis in which excision of the focus is undertaken Per primam healing in 
tuberculous subjects is not leadil} achieved but was accomplished in a number 
of cases in this series undei streptomycin protection 

The value of our data is diminished by an inadequate follow-up period and 
by the fact that removal of a tuberculous kidney wall often, in itself, dimmish a 
tuberculous cystitis It appears that streptomycin without nephrectomy has 
not been given an adequate trial 111 unilateral tuberculous nephritis Improve- 
ment has follow'ed use of streptomycin for bilateral tuberculous nephritis and 
tuberculous cystitis 

The following are considerations for the use of streptomycin m tuberculosis 
of the genito-unnary system 

1 To be given prophylactically before, during, and after operations on 
infected organs to prevent w^ound-mfection , 

2 To be given for a draining tuberculous sinus, assuming that the mam 
focus of infection has been resected , 

3 To be given for tuberculous cystitis , 

4 When the renal infection is accompanied by moderate pulmonary tuber- 
culosis the genito-unnary infection is especially resistant to streptomycin, 

5 The dose of streptomycin should not be less than 2 Gm q d (as o 5 
Gm q 6 h ) 


TUBERCULOSIS OF BONE 

Up to June I, 1948, 24 patients with tuberculosis of various bones (18 of 
the spine, six of the extremities) had been treated with streptomycin m Army 
general hospitals 

As of April, 1948, 192 patients wath tuberculosis of various bones, includ- 
ing the vertebrae, were under treatment with streptomycin in Government 
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hospitals The results showed a slow but appreciable improvement in a 
majority of the tuberculous lesions of bone and joints 

In 20 of the 24 patients treated with streptomycin in the Army program 
culture, tissue sections, or both, revealed Mycobacteuimi tuberculosis as the 
etiologic agent In the remaining four cases, there was clinical and roentgeno- 
logic evidence of the disease The patients, who ranged in age from 18 to 
38 years, were chiefly young men who were on active duty or who had just 
been separated from service when the disease was flrst noted Fifteen of the 
24 were white, seven were Negroes and two were yellow 

Eleven patients, eight with tuberculosis of the spine and three uith tuber- 
culosis of bones of the extremities, had pulmonary lesions, chiefly inactive, at 
the time of treatment Two patients with tuberculosis of the spine also had 
tuberculosis of bones of the wrist and hand, respectively, and another had 
tuberculosis of the knee joint with sinus formation One patient with tuber- 
culosis of the elbow had an active tuberculous peritonitis Soft tissue lesions 
were associated with the bone lesions in all cases The aveiage duration of 
illness before therapy w^as 14 months 

Six of the 24 cases showed some improvement in the status of the bone 
lesion after streptomycin therapy Seventeen bony lesions were unchanged 
roentgenologically and one showed progressive destruction while on the 
antibiotic regimen Eighteen associated soft tissue lesions were markedly 
improved, thiee were questionable and two w^ere unaffected 

The results seemed to bear some relation to the status of the patient at the 
time treatment was begun In chronically ill patients the average time for 
response to therapy was 69 days In patients wuth subacute disease it was 51 
days and in patients in good condition it was 37 days One patient in excellent 
condition at the beginning of treatment show'ed no response at all to therapj 
and two patients, both chronically ill, developed tuberculous abscesses while 
under treatment 

Tiibo culosis of the Spine The 17 patients with tuberculosis of the spine 
(Potffs disease) had involvement of a single vertebra in one case, of two 
vertebrae in 1 1 cases, of three vertebrae in three cases, of six vertebrae in one 
case, and of seven vertebrae in one case In four instances there were other 
distinct manifestations of tuberculosis of the bone Fifteen of the 17 patients 
had adjacent paravertebral abscesses and four had other cold abscesses m 
distant locations 

Thirteen patients received streptomycin 2 o Gm daily for periods ranging 
fiom 38 to 140 days, four of these w^ere treated 120 to 140 days Two cases 
received i o Gm for 120 days and the remaining twm cases were given 2 4 Gm 
for 49 days and 3 o Gm for 91 days, respectively In all instances streptomjcin 
therapy wms carried out in association wuth such standard measures as e 
rest, the application of casts, blood transfusions, heliotherapy, and higi 
vitamin, high-calonc diets Aspiration of the lesion w'as carried out m ten 
cases incision and drainage in seven cases spinal fusion in seien case 
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sequestrectomy in two cases and lobectomies including a right pneumonec- 
tomy in two cases 

Results The response to streptomycin therapy in 17 cases of Pott’s disease 
was regarded as good in three, fair in ii, and poor in three The good results 
included arrest of the disease process in the bone with signs of recalcification 
by roentgen-ray, loss of pain and increase in the range of motion of the 
involved joints, early healing of the longstanding soft tissue lesions and marked 
improvement in the general well-being of the patient 

The responses to drug therapy listed as fair in the cases analyzed mani- 
fested roentgenologic evidence of no further progress m the disease of the 
bone, a successful fusion, rapid healing of the soft tissues which averaged 16 
days and an improvement in the general condition of the patient 

The three cases listed as poor results showed roentgenological evidence of 
progressive bony destruction with little or no tendency for the soft tissue 
lesions to heal during the 120 days of treatment 

The seven spinal fusions carried out in this series of patients were all 
eventually successful In the four cases in which fusion was carried out in the 
third or the fourth month, of streptomycin therapy, the postoperative course 
was uneventful In three cases in which fusion was carried out without such 
protection, the postoperative course was stormy and wound dehiscence with 
infection occurred in one case 

Tube'} ctdo SIS of the Bones of the Extremitxes Of the six patients treated 
with streptomycin for tuberculosis of the extremities two had lesions m the 
metatarsals, two the metacarpals with a second lesion m the tibia of one, m 
the remaining two patients involvement of the elbow joint and scapula 
respectively were present 

Five of the patients received 2 o Gm of streptomycin daily for an average of 
90 days One patient was administered i o Gm for loa days One case received 
in conjimction with his intramuscular course, local irrigation of a sinus tract 
with I o Gm daily for 205 days Sensitivity to the drug was noted in all the 
patients on 2 o Gm daily doses Manifestations were mild vertigo, headache, 
and cutaneous rash In all instances accepted supportive measures were 
utilized Sequestrectomy was performed in four instances, repeated aspiration 
in one and the local excision of tuberculous tissue in another 

Results The response to streptomycin therapy in six tuberculous lesions 
of the extremities was regarded as good in three cases and fair in the remaining 
three 

The improved cases demonstrated arrest of the destructive process and the 
recalcification of the bone as seen by roentgenologic survey after 60 days of 
therapy Soft tissue lesions healed during the first month of therapy The 
cases graded as fair demonstrated no further bone destruction but no regen- 
eration was noted Soft tissue sinuses and abscesses healed within 35 days 
after the initiation of therapy The motion of the joints involved increased in 
range and pain on motion disappeared The general condition of the patient 
was improved 
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Loca,l irrigation of the sinus tract in one case \\ as unsuccessful and 
surgical excision of the tract w as required for closure of the lesion 

Sequestrectomy performed without the protection of streptomycin Mas 
unsuccessful When performed m conjunction MUth the drug successful closure 
with grafted skin Mas obtained 

COMMENT 

The results of streptomycin therapy in this small senes of cases could not 
possibly be regarded as definitive though certain conclusions seem M-arranted 
There is no doubt that this drug can influence favorably the equilibrium 
betMeen soft tissue defenses and sinus tract formations On the other hand, 
the fact that abscesses, unless they are aspirated or drained, shoM' resistance to 
dissolution IS no more unexpected in abscesses of tuberculous origin than in 
those of coccal oiigin The fact that two patients in the series, M'hile under 
treatment, showed improvement m the status of the bone may be merely coin- 
cidental but also raises the hope that follow-up observations may show bone 
response in other cases in which it was not immediately evident, or that larger 
doses of streptomycin may produce better results in this respect 

This series demonstrates again that streptomycin is a useful umbrella for 
the surgery of tuberculous lesions Surgery had to be resorted to in numerous 
cases in this series, for the usual reasons, and osteomyelitis of the long bones 
with sequestra remains a surgical problem, but the use of streptomycin before 
and after operation seems to prevent complications and promote M'ound 
healing 

TUBEECULOUS PERITONITIS (ULCEBATIVE TUBERCULOUS ENTERITIS) 

Up to June I, 1948, 16 patients M'lth tuberculous peritonitis (ulcerative 
tuberculous enteritis) and one patient with non-specific mesenteric granuloma 
had been treated with streptomycin and fully studied in Army general hospitals 

Previous Government Expeucnce The previous experience with strepto- 
mycin-treated peiitonitis in Government hospitals M'as MUth 27 cases, in 19 of 
whom good results M^ere secured by the intramuscular administration of the 
drug, with complete relief of symptoms and disappearance of ascitic fluid M'hen- 
ever it was present The conclusion was that, although the series Mas small, 
the definite and uniform good results obtained by this mode of treatment m 
respect to symptoms M'arrants continued use of streptomycin, and furthermore 
that the value of oral administration of streptomycin is worthy of investiga- 
tion It M as noted that in the presence of continuing pulmonary infection the 
permanence of the effects of streptomycin on lesions of the alimentary tract 
were suspect, though this consideration in no MUse lessened the usefulness of 
the drug for relief of symptoms 

Aiiny E.xpe)ience Of the 17 cases of tuberculous peritonitis treated mti 
streptomycin in Army hospitals, the diagnosis M’-as confirmed in ten by positive 
cultures of tissue sections for acid fast bacilli In six cases the diagnosis vas 
made on the basis of the historj , the clinical course, and laparotomy In one 
case the histor)'-, clinical course, and findings at operation suggested tubercti 
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lous peritonitis, but the diagnosis was not substantiated by culture or inocula- 
tion, and tissue sections of mesenteric lymph nodes showed epithelioid giant 
cell granuloma 

All patients but tw^o, who were young females, were young men of militar} 
age Practically all w^ere described as undernourished, chronically oi acutely 
ill, and progressively going down hill All were exti emely ill at the time strep- 
tomycin treatment was instituted In i6 cases the duration of symptoms varied 
from 36 days to 16 months , in the loth case the patient had been acutely ill 
only three days but a history of chronic illness of six years duration was 
obtained 

The dosage of streptomycin varied from i 5 to 4 7 Gm daily, administered 
in divided doses by the intramusculai route Five of the 17 patients received 
I o Gm daily , 10 received 2 o Gm , and two others from 2 5 Gm and 4 7 Gm 
daily The duration of treatment extended from eight to 28 days m five 
patients, 60 days m five patients and from 90 to 120 days m seven patients 
Five patients also received penicillin Duration of therapy with various 
dosages has not exhibited any significant correlation with improvement in 
the treatment of this disease 

Streptomycin therapy was accompanied by the usual sanatorium supportive 
measures Intestinal decompression w'as used on both prophylactic and thera- 
peutic indications in a few^ cases Laparotomy was carried out m 14 cases 
Results Eleven of the 16 patients wdio had proven tuberculous peritonitis 
were regarded as markedly improved, three w^ere regarded as slightly improved 
and three w^ere unimproved Results w^ere determined chiefly on the basis of 
whether or not they could reasonably be attributed to the use of streptomycin 
A patient w as regarded as improved by the course of therapy if, following the 
administration of the drug, there w^as an early reversal of the downhill course, 
and if the convalescence was of a character wdiich w^ould not have been antici- 
pated m the light of the disease process 

Impioved Gioiip In the ii patients of streptomycin-treated tuberculous 
peritonitis in w^hich improvement w^as evident, the pattern in all was somewhat 
similar The response to therapy was rapid in four patients, in one of which im- 
provement w'as evident on the third day of treatment In the majority of 
cases, however, the improvement occurred gradually over a period of 28 days 
A fall in temperature occurred as early as the first three or four days of 
treatment, followed by symptomatic relief from abdominal cramps and pain, 
decrease in abdominal distention, a change in facies, and improvement in 
appetite The fall in the sedimentation rate was less prompt 

The patients first ceased to lose w'eight and then began slowly to gam as 
appetite improved The doughy consistency of the abdomen and the intra- 
abdominal masses resolved slowly, in two cases only after 90 days of therapy 
Ten of the ii patients w^ere subjected to laparotomy Eight received strep- 
tomycin in 2 o Gm daily dosages immediately after operation and all had 
uncomplicated recoveries The ninth patient, who had been submitted to 
entero-enterostomy for intestinal obstruction, was given 8 o Gm of strepto- 
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myan daily by the intramuscular route, combined with pemcilhn, for 72 hours 
and then received 4 o Gm daily for the next 10 days His postoperative course 
was febrile Thereafter varied dosages of streptomycin were given but there 
seemed no definite correlation between the dosages of the drug and the febrile 
reaction The temperature finally dropped to normal on the 22d postoperabve 
day, after therapy was discontinued Streptomycin might have been respon- 
sible since it was given in unusually large dosage The remaining patient 
subjected to surgery did not receive streptomycin after operation, and three 
draining sinuses appeared in the operative wound All had healed spontan- 
eously before the patient was given streptomycin five months later for 
improvement of his general condition 

One case m the improved group is worthy of special mention A 20-year- 
old woman was admitted witli a history of chills, temperature elevations to 
io 2°F, nausea, and vomiting Abdominal symptoms and signs of pain, ten- 
derness and distention gradually increased over a period of five weeks prior 
to admission Penicillin and sulfadiazine were without effect, and pleural 
effusion developed while they were being given The patient was in extremely 
serious condition Streptomycin was given, i 5 Gm daily for 12 days, 3 0 Gm 
daily for the next 1 1 days, then i 5 Gm for another four days At this time 
the drug was discontinued because of complaints of headache, nausea, dizziness 
and clouded vision Three days after streptomycin therapy had been instituted, 
however, the temperature returned to normal limits, abdominal pain was less 
acute, and nausea and vomiting ceased There was a weight gam of eight 
pounds while on therapy Two weeks following the cessation of streptomycin 
patient was allowed to go home 

Questionable The three patients considered to have a questionable response 
to streptomycin had in common symptomatic relief of abdominal pain, nausea 
and vomiting, and a slight but inconstant increase in appetite and weight They 
are listed as doubtfully benefited because of a diminished yet persisting intra- 
abdominal mass and a doughy consistency of the abdomen after 120 days 
therapy 

Ummpi oved Of the three patients considered unimproved two died The 
third, not definitely diagnosed as tuberculosis, showed no improvement The 
first failure, a 34-year-old white male with active pulmonary lesions and a 
widespread peritoneal involvement progressed rapidly downhill m the face of 
120 day^s of streptomycin and a total dosage of 240 Gm Oral streptomycin, 

I o Gm daily, seemed to relieve the nausea and diarrhea during the month 
just prior to death 

The second failure was in a 24~year-old white male with a 13-month 
history of constipation and a "swelling” of the right lower quadrant of tli^ 
abdomen A pleural effusion Avas demonstrable Laparotomy revealed plastic 
tuberculous peritonitis Numerous episodes of intestinal obstruction vere 
relieved by' decompression with the Miller Abbott tube Malnutrition vh 
progressive secondary anemia were present and repeated blood transfusions 
were necessary Streptomycin was started, 40 Gm daily intramuscular) 
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together with penicillin in daily dosages of 240,000 units At the end of four 
days the temperature fell to normal limits, but there was no improvement in 
the clinical course and death occurred after 16 days of streptomycin Post- 
mortem examination revealed stenosis of the ileum with obstruction from 
plastic tuberculous adhesions Streptomycin m this case was frankly a measure 
of desperation No significant results were anticipated from its use and none 
were secured 

The third poor result was m a 28-year-old man who had become ill 12 
months before he was treated with streptomycin Shortly after the onset of 
symptoms (March, 1946) laparotomy was performed for intestinal obstruction 
complicated by peritonitis Sinuses developed m the wound postoperatively 
and drained intermittently Eight months after the first operation the abdomen 
was again opened to determine the character of a mass palpable beneath the 
sinus tracts Exploration revealed an abscess communicating with the sinuses 
as Avell as partial intestinal obstruction from a plastic peritonitis Coliform 
bacteria were cultured from the abscess Entero-enterostomy was performed 
Following this operation the patient had a number of febrile episodes and 
during May and June 1947, he leceived two courses of sti eptomycm, and five 
courses of penicillin During the first course of streptomycin ii Gm were 
given ovei a 13-day period and during the second course 16 Gm were given 
over an eight-day period, without any response On July i, 1947, elective 
laparotomy revealed an abscess in caseatmg nodes All infected tissues were 
excised Slight symptomatic improvement followed the administration of 2 o 
Gm of streptomycin daily for 25 days The sedimentation rate and leukocyte 
count remained elevated and there was no gam m weight Culture of the 
exudate from the abscess and the lymph nodes excised at the last operation 
revealed no acid-fast bacilli Tissue section of the lymph nodes was reported 
as showing epithelioid cells, giant cells and necrotic debris but no tubercles, 
fungi or acid fast bacilli The tuberculin test was positive only at i 100 old 
tuberculin The final diagnosis was nonspecific granuloma This case empha- 
sizes the need for accurate diagnosis if beneficial eflFects of streptomycin 
therapy are to be expected 


COiVlMENT 

The 16 of 17 patients in this senes with proved tuberculous peritonitis 
were all extremely ill when sti eptomycm therapy was begun After therapy 
II were markedly improved, four were slightly benefited, and three were 
unimproved Two patients died The series is small, but the results suggest 
that streptomycin is the drug of choice for the treatment of tuberculous peri- 
tonitis There is no justification, however, for claiming that these patients 
were cured The follow-up data are meager Adults may present remission 
or arrestation of tuberculous peritoneal processes in the absence of specific 
therapy and later may present exacerbations of the disease or maj'" die of 
tuberculous lesions elsewhere It remains, therefore, for larger groups of 
tuberculosis of the peritoneum to be treated bv streptomycin and^to be fol- 
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lowed for periods of years before any conclusions as to the value of this 
agent for this condition can be defined For the present time i 5 Gm strep- 
tomycin daily for 60 days would appear to be optimum treatment 
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SURGICAL REPAIR OF LACERATIONS AND FISTULAS 
OF THE PAROTID DUCT* 

Hugh A Bailey, M D 

AND 

Victor Skafe, M D 

Chahleston, W Va 

Results following surgical repair of laceration or fistula of the parotid 
duct so far have not been uniformly satisfactory This has been true especially 
of attempts at repair in the more chronic types of fistula The problem is one 
that may suddenly confront any surgeon even though injury of the parotid 
duct occurs infrequently 

The authors have treated surgically five patients with lacerated parotid 
duct, in some cases the condition having been present for a few hours, in 
others a few w^eeks In each case successful results were obtained by the use 
of a simple technic that will be described No claim of originality is made since 
the main principles of the operation already have been applied by others 

ANATOMY 

The parotid duct leaves the anterior border of the parotid gland and 
extends forw^ard horizontally across the masseter muscle It is accompanied 
by branches of the facial nerve and facial artery which usually are to be found 
running above the duct The duct passes inward at the anterior border of the 
masseter muscle, piercing the lajer of fat and the buccinator muscle It then 
passes forw^ard for about 5 mm , to emerge through a narrow opening in the 
papilla opposite the second upper molar tooth The course of the duct will be 
roughly showm by drawing a line from the lower edge of the external auditory 
meatus to the upper border of the upper lip 

The duct is a fibrous tube about 6 cm in length and 4 to 5 mm in diameter 
It ejects saliva during mastication by action of the contractile tissue m its walls 
At the papillary end of the duct there is a sharp angulation that acts as a 
valve, preventing food from entering 

HISTORY 

Prior to 1926 there w^ere few^ reported cases in wdiich anastomosis of the 
parotid duct w^as made Schmieden,^ m 1916, reported such a case but gave 
no description of the technic used Since 1926 there have been occasional 
reports of duct repair but in each instance the series of cases has been too small 
to allow any definite conclusions regarding the method used In reviewing 
the various technics described it is evident that the use of a dowel to splint the 
duct has been generally accepted Tees,^ in 1926, reported tw'o cases in which 
a strand of catgut was used to serve as a dow^el over which the duct was 
approximated by means of twm fine, interrupted catgut sutures passed through 

* Submitted for publication, July, 1948 
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the sheath He advised leaving the catgut entirely within the duct Dickinson 
in 19275 used a strand of silkworm gut which was allowed to project into the 
mouth He fixed the strand at its point of entrance into the mouth by a suture 
Black and Flagge,^ in 1928, used a small ureteral catheter to act as a dowel, 
leaving about i inch of the catheter extending into the mouth Butler and 
Guinan,^ in 1933, also used a ureteral catheter as a dowel, anchoring it to the 
canine tooth of the upper jaw with a silk ligature Brohm and Bird,® in 1935, 
brought the dowel out through the cheek and sutured it to the skin Newman 
and Seabrook,® in 1946, reported the use of tantalum wire as a dowel, bringing 
it out of the mouth and taping it to the cheek Fixing the dowel in the duct 
has been the most difficult problem In the technic used by the authors this 
difficulty has been removed 

GENERAL CONSIDERAMONS IN TREATMENT 

Injuries of the parotid duct and gland may occur in one of three areas 
(r) over the parotid gland, (2) over the masseter muscle, and (3) in the buc- 
cinator muscle area 

F'lstula of the glandulai aiea Many fistulas of the smaller ducts of the 
gland will heal spontaneously Roentgen therapy and cauterization of the 
wound sometimes will produce healing Fistula in the larger ducts of the 
gland may be treated in the manner to be described 

Fistula over the imssetei muscle The majority of parotid duct fistulas 
occur in this area and can be treated easily and quickly by the technic described 
in this paper 

Fistula in the buccinatoi area Injuries in this area often have been treated 
by short-circuiting operations that cause the saliva to flow into the mouth 
proximal to the papilla This method does away with the valve-like action of 
the papilla and there is no protection against ascending infection from the 
mouth The authors believe that every attempt should be made to preserve the 
papilla The technic used by us was found to be satisfactory in repairing 
lacerations in the buccinator area 


TECHNIC 

Pi eopei ative Good oral hygiene should be maintained and a mouth wash 
used every two hours, beginning immediately after the diagnosis is made and 
continuing until the time of operation Penicillin may be used intramuscularli 
for 24 hours before surgery 

Opel ative After the skin has been cleansed and a mouth wash used, the 
face is draped Local anesthesia then is injected into the skin surrounding the 
laceration or fistula An incision about ij^ cm in length is made throug 
the skin, care being taken to avoid the nen'es and vessels that he next to t e 
duct A probe is then passed through the mouth, into the papilla and along t e 
duct tow'ard the incision The end of the probe is brought our through 
incised wound and a strand of cotton thread size No 10 (or lieavy silk; J 
fastened to it The threaded probe is then pulled back througn the duct m 
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the mouth The patient is given a few drops of lemon juice to stimulate the 
salivary flow It is then usually easy to identify the proximal end of the 
severed duct m the incision The end of the cotton or silk strand is threaded 


5LVLRLD PAROTID DUCT 
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DibTAL END OF SUTURE 



/ j I ROUND CURVED NELDLL 
THREADED TO SUTURE 


Fig I — First 3 stages of repair of parotid duct 


on a long Mayo needle and the needle passed backwards, blunt end first, into 
the proximal duct With gentle manipulation the needle is forced through the 
parotid gland to the skin A tiny nick is made m the skin and the thread 
carried through (Fig i) 

A lead shot applied to each end of the thread holds it snugly m place A 
small square of rubber sheeting inserted between the mucosa and the lead pellet 
will prevent irritation 
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The tissues m the incision are approximated with interrupted catgut sutures 
and the skin closed 'without drainage (Fig 2) 

Postopeiative Caie The patient should continue to use a mouth wash 
frequently His oral hygiene must be supervised carefully and fluids given 


BOIUT E.ND OF Nt-tOUt. 
PPitaestO THRU PROXIMAL 
END OF PAROTID IMJCT 
AND "BROU&HT out thru 
eaUUDTANCE OF GLAND 



SMALL SMN INCISION 
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DIAGRAM SHOWING 
LEAD SHOT WITHIN 
THE MOUTH AT 
OPENING OF 
PAROTID duct 
AND ATTACHED , 
TO PROXIMAL LNd 
OF SUTURE, 



SUTURE PASSED THRU 
THE LUMEN OF PAROTID 
DUCT AND BROUGHT 
OUTSIDE NEAR LATERAL 
BORDER OF PAROTID GLAND 


OPERATION COt^PLElEO 
WITH LEAD SHOT WITHIN 
MOUTH AND LEAD SHOT 

attached to proximal 

END OF SUTURE OUTSIDE 
OHECn 






Fig 2 — Last 3 stages of repair of parotid duct 


freely Penicillin may be given intramuscularly for several days following 
operation As a rule, a ivatery fluid will dram from the incision for about a 
week Swelling that is not of inflammatory origin may be disregarded 

The sutures usually are removed from the wound at the end of seven a)S 
The cotton or silk dowel should not be removed until the 14th postoperatnc 
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day Salivary juices usually enter the mouth through the duct soon after 
operation, and it will be noted by the patient that the buccal mucosa on the 
injured side no longer is drv 

CASE REPORTS* 

Case 1 — D H, white, male, age 28, received treatment July ii, 1942, for numerous 
lacerations of the left side of the face and neck, also the left shoulder When seen later 
(July 15), there was moderate swelling of the left side of the face The patient stated 
that his dressings became soaked with a water-hke substance when he ate A diagnosis 
of laceration of the parotid duct was made Warm compresses were applied to the 
inflamed area for se\ eral days but the drainage persisted Operation for the repair of the 
lacerated duct was performed July 21, 1942, using the technic described Postoperative 
treatment consisted of sulfathiazole, a perborate mouth wash at regular intervals, and a 
liquid diet The swelling of the left cheek persisted for three days At the end of this 
period saliva began entering the mouth freely The suture was removed August 14 The 
patient was discharged six days later, the gland and duct functioning normally 

Case 2 — A M , colored, male, age 35, received a knife laceration of the left side of 
the face just in front of the ear The wound was sutured by his local physician One week 
later, according to the patient, a large tender mass was noted just anterior to the left ear 
The patient stated that the mass increased m size on mastication 

Operation was performed Oct 31, 1941, in accordance with the technic described 
Saliva was seen coming through the duct into the mouth a few hours after operation 
The patient was discharged Nov 4, with a normally functioning duct The suture was 
removed three weeks later The wound had completely healed and no swelling was present 

Case 3 — R T, coloied, male, age 48, was admitted to the hospital after receiving 
multiple lacerations of the left side of the face and neck The most severe of the 

lacerations extended across the left cheek from the base of the ear to the upper hp The 

lacerations were sutured shortly after admission Several days later prominent swelling 
of the left side of the face was noted Fluid aspirated from the swollen area was found 
on examination to contain amylase 

Sixteen days after admission the divided Stensen’s duct was repaired, employing the 
usual technic The duct was found to be completely severed as was a small portion of the 
parotid gland itself There was generalized oozing of saliva from the entire lacerated 
portion of the gland Following operation the face remained swollen for a few days, a 
scant flow of saliva escaping through the incision Approximately one week after 
operation the swelling had completely subsided, saliva flowing freely into the mouth The 
suture was removed on the 12th postoperative day 

Case 4 — E O , white, male, age 39, was admitted to the hospital complaining of a 

watery drainage from his left cheek at the site of a sutured laceration in this area 

received 20 days earlier The patient stated that the drainage was most noticeable 
during meals 

Surgical repair of the lacerated duct was carried out Nov 19, 1947, in accordance 
with the method described Drainage from the incision ceased about the 4th postoperative 
day, saliva flowing freely into the mouth The suture was removed on the 15th postop- 
erative day, the parotid duct and gland having continued to function normally 

Case 5 — A N, white, male, age 69, was admitted to the hospital August i, 1945, 
with a tumor just anterior to the left parotid gland The patient stated that the tumor 
had been present since about the time of the first world war A mixed tumor 7 by 3 
by 2 cm was removed August 2, 1945 A few days later drainage from the operatue 
incision was noted A diagnosis of parotid duct fistula was made 

* From the Department of Surgery, Charleston General Hospital 
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Surgical repair of the fistula was earned out August 19, 1945, and the technic used 
was that suggested by the authors The drainage from the previous operative inasion 
ceased within a few days following repair of the fistula When the patient was last seen 
both wounds were dry and well healed 

SUMMARY AND CONCLUSIONS 

Salivary fistulas of the parotid duct and gland respond to treatment if 
certain principles are observed, the most important of these being the use of a 
dowel to splint the severed duct A simplified method of anchoring the dowel 
is described The duct papilla must be preserved if possible Five cases in 
which successful results were obtained using the authors’ technic are reported 
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Ou r-POUCHiNGS OF THE COLON of various sizes, shapes, positions, and 
types occur very frequently throughout the population at large The exact 
number can be only estimated because of the obviously large number which are 
never diagnosed This is largely due to the fact that they cause no symptoms to 
necessitate the individual either being subjected to roentgenologic examination 
with a barium enema, or to gastro-intestmal studies as a result of abdominal 
complaints Those found at autopsy represent a very small percentage of the 
total population A few are found as incidental findings at operation In 
routine autopsies, Mayo^“ reports from 5 to 7 per cent of all the colons exam- 
ined revealed diverticula some place throughout their entirety Epstein® quotes 
Sprigg and Marker to show that out of 1,000 routine roentgen-ray examina- 
tions of the colon, 100 diverticula were found The location of each showed 
about 58 m the pelvic colon, 46 m the descending colon, 16 m the transverse 
colon, 10 in the ascending colon, 7 m the cecum, 5 in the appendix, and 3 in 
the rectum Anderson^ reports a 5 7 per cent occurrence of the diverticu- 
losis of the colon noted m routine roentgenologic examinations, and 6 9 per 
cent occurrence of diverticulosis m routine autopsies 

Diverticulosis is the term used to denote those silent out-pouchings of the 
colon with small necks and lined by mucosa, in which there is no evidence of 
inflammation or symptoms referable thereto When these blind sacs become 
inflamed, either because of obstruction or other causes, the diagnosis of diver- 
ticulitis must be made Bennett and Jones‘S estimate that in only 12 to 15 
per cent of the cases of diverticulosis, does inflammation occur to justify the 
diagnosis of diverticulitis Ochsner and Bargen^^ found that m 2 per cent of 
15 1 cases of uncomplicated diverticulosis of the colon, the diverticula were 
present m the right half of the colon, and that about 14 per cent of all 
diverticula become inflamed, and 15 per cent of these inflamed diverticula 
were subjected to surgery From this it is seen that acute diverticulitis of the 
cecum meriting surgical intervention is not a rare condition Various authors 
have reported and reviewed cases appearing in the literature since the first case 
was reported by Patier in 1912 In 1944, Noon and Schenk^' reported 48 
cases and added three of their own These cases were taken from the American 
and British literature and represented the highest number of cases noted to 
that date until Anderson’s^ recent, most comprehensive review, m which 91 
cases of acute diverticulitis of the cecum were reported from the literature To 
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these he added nine cases These nine cases of acute diverticulitis of the cecum 
were among some 700 cases of surgical diverticula of the colon at the ]\'Iavo 
Clinic 

The three cases of acute diverticulitis of the cecum herein presented i\ere 
seen on the surgical service of this Veterans Administration Hospital vithin 
a 12 months’ period , all three were diagnosed preoperatively as acute appen- 
dicitis, all were subjected to surgery An acutely inflamed true diverticulum 
was found m each, and m two cases rupture of the diverticulum with abscess 
formation was encountered These cases will bring the total of those reported 
to over 100, and will help to disprove the previously held belief that this is a 
rare surgical entity, and should impress the surgeon that it is one which must be 
kept constantly in mind when the diagnosis of right-sided abdominal pathology 
IS made preoperatively It also must be considered when the pathologic condi- 
tion of the appendix found at operation is not sufficient to explain the signs 
and symptoms leading to preoperative diagnosis of appendicitis 

In a patient presenting signs and symptoms characteristic of appendicitis, 
m whom an appendectomy has previously been performed, the diagnosis of 
acute diverticulitis of the cecum must be considered as a very real possibility 
The average age incidence of this disease is given by different authors to be 
approximately 40 years In our cases, all the patients were males due to the 
character of the hospital in which the cases were seen Then ages were 25, 35 
and 30, respectively It has been noted in the past that there has been a prepon- 
derance of males reported with this condition However, Anderson^ finds 
about an equal number of each sex with this disease 

The cause of diverticulosis and subsequent diverticulitis is not definitely 
established, but Greensf elder and Hiller^® suggest that any one, or several, of 
the following mechanisms may be important as a causative agent ( i ) eversion 
of the cecal wall between two constricting bands, (2) traction by abdominal 
adhesion (usually postoperatively) , (3) eversion of a weak spot in the cecal 
wall, caused by migration of a purse string suture into the lumen of the 
intestine (postoperatively), (4) eversion of the weakened area in the cecal 
wall, resulting from the rupture into the cecum of an abscess of the appendiceal 
stump, (5) weakening of the wall of the bowel at the site of entrance of blood 
vessels into the muscularis, (6) increased intraluminal pressure in the cecum, 
either due to constipation or increased intraabdominal pressure, (7) inherent 
weakness of the wall of the bowel due to age, congenital weakness, obesity or 
atrophy of the fat along the vessels which penetrate the wall, (8) traction on 
appendiceal epiploicae, mesentery or omentum, with or without adhesions, C 9 / 
traumatic diverticula following previous operative procedure, especially appen- 
dectomy (this type IS classified as “Secondary Diverticula”), (10) retention m 
residual form of the appendix which appears in embryologic life but norma } 
disappears before the true appendix develops, (ii) cathartics, etc 

The preoperative diagnosis is, in the great majority of the cases, aaite 
appendicitis and operation is carried out for alleviation of that condition ^ 
following preoperative diagnoses have been made Acute appendicitis, gan 
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grenous appendicitis, perforating appendicitis, appendiceal abscess, subacute 
appendicitis, chronic appendicitis, uterine fibroid (degenerated), salpingitis, 
carcinoma of the cecum, diverticulitis of the right colon, obturator hernia, 
stump appendicitis, abscess of undetermined origin and benign ulcer of the 
cecum 

In approximately one-third of the repoited cases, histones of previous 
attacks of right lower quadrant pain were elicited The most usual complaint 
of patients is pain m the right lower quadrant, either localized or generalized 
Pam may be of a cramping or dull aching type and it was present in various 
patients for periods of a few hours to several days The general observation 
has been made by several observers that in acute diverticulitis of the cecum, 
the pain is less severe and more prolonged, and shows a more chronic course 
m contradistinction to acute appendicitis where the pain is more acute, and of 
shorter duration However, this is purely an impressionistic finding Other 
symptoms noted with more or less frequency are Tenderness in the right 
lower quadrant, mass m right side of the abdomen, rebound tenderness, psoas 
tenderness and tenderness over the entire abdomen 

The differential diagnosis, preoperatively, is not easy because of the many 
diseases which this condition resembles When a diagnosis of an acute surgical 
condition m the abdomen is made, roentgen-rays are of little value and are 
contraindicated The laboratory work has proven to be of very little help m 
differential diagnosis, as the same picture is noted here as is noted m acute 
appendicitis A leukocytosis may or may not be present Usually there are no 
urinary findings which are of any help Also, if roentgen-ray examination of 
the colon were made, it would be ineffective in demonstrating diverticula 
which are plugged by feces, fecaliths, or pus, causing visualization to be 
impossible Thus, it is seen that a differential diagnosis of acute diverticulitis 
of the cecum as against acute appendicitis cannot be made, but it is a condition 
which should constantly be kept m mind by the diagnostician and operating 
surgeon 

Diverticula may be divided into two groups True diverticula are those m 
which all normal layers of the intestine, including the mucosa, submucosa, 
muscularis, and serosa are present over the entire diverticula, the false or 
acquired type are those m which the muscularis is absent, the other layers 
being present It is believed that false diverticula represent out-pouchmgs 
through weak points m the muscularis of the bowel The true diverticula are 
probably congenital All three of the cases here reported were true diverticula, 
as shown by the presence of all layers on microscopic pathological examin- 
ations Diverticula m the cecum, when pi esent, are usually not associated with 
the presence of diverticula throughout the remaining portion of the large bowel 
The majority of those cases reported are the true type and are solitary Two 
of the cases here reported are true solitary diverticula , the third is a true type 
but multiple 

CASE REPORTS 

Case 1 A 25-year-old white male entered the hospital on June 13, 1946, with a 
history of abdominal cramps of 48 hours' duration, most marked in the right lower 
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quadrant and slight nausea over the same period of time There was no vomibng, diarrhea 
or increase in temperature noted by the patient On examination, generalized abdominal 
tenderness was noted, which was localized and most marked in the right lower quadrant 
Slight rigidity and slight rebound tenderness were noted in the right side of the loner 
abdomen Rectal examination revealed no mass, but some tenderness in the right lower 
quadrant was present The leukocyte count showed 13,200 cell per cubic mm of blood 
with 62 polymorphonuclear leukocytes The examination of the urine revealed no 
abnormal findings His admission temperature was 99 5°F A preoperative diagnosis of 



Fig I — A illustrates the location and appearance of the lesion in Case 
I — an inflammatory mass at the base of the diverticulum without perforation 
B shows the perforated diverticulum within an inflammatory mass- 
involving the meso-appendix encountered in Case 2 

C double diverticula within a walled-off abscess as seen in Case 3 One 
of the diverticula is perforated at its tip 


acute appendicitis was made At operation, which was performed by Dr D J Abramson 
the appendix was found to be in a normal position and not inflamed There was a mass, 
measuring 3 by 4 centimeters in the redundant portion of the cecum This mass was 
located opposite the ileo-cecal valve on the anterior lateral aspect of the cecum, near 
free tenia of the colon (Fig lA) On careful investigation, this mass was found to haie 
in Its center a markedlj' inflamed diverticulum of the cecum containing a fecalith an 
considerable amount of fibrinous exudate at its base The diverticulum, which was no 
perforated, was amputated at its base and the defect in the colon closed with purse stnng 
type inverting cat gut suture in the serosa and this was reinforced by interrupted 
The appendix, which was not abnormall, was also removed The abdomen w'as c os 
without drainage and without chemotherapeutic agents in the peritoneal cavity The 
lescence was uneventful and the patient was discharged from the hospital 8 days later 
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pathological examination showed a marked inflammatory process throughout the wall of 
a true diverticulum which contained mucosa, musculans and serosa The appendix showed 
no pathologic changes Follow-up barium enema studies of the colon revealed no further 
diverticula 

Case 2 A 35-year-old white male admitted to the hospital February 13, 1947, with 
the complaint of abdominal pain, aching in character, which has been present m a mild 
degree intermittently for several years The day before admission, the pain became much 
worse and was confined predominantly to the right lower quadrant He noted no radiation 
of the pain There was no vomiting or nausea He had a history of normal bowel 



Fig 2 — X-ray examination of colon with barium 
enema showing one additional small diverticulum on the 
medial aspect of the ascending colon near the hepatic 
flexure 

movement on the day previous to admission He felt some burning on urination but no 
other prominent genito-urinary symptoms His temperature on admission was 98 6° F 
Examination revealed marked tenderness in the right lower quadrant, slight rigidity, mod- 
erate rebound tenderness with a positive psoas tenderness noted in the right lower quadrant 
Laboratory findings on admission revealed a white blood cell count of 11,250 per 
cubic mm of blood, with 69 polymorphonuclear cells The urine examination was negative 
A preoperative diagnosis of acute appendicitis was made The operation, which was 
performed under spinal anesthesia, was earned out through a McBurney type incision 
There was no free fluid present Upon mobilization of the cecum, the appendix was 
noted to be greatly elongated but not markedly inflamed At a point about one-half inch 
distal to the appendix on the medial aspect of the cecum, there was large firm inflam- 
matory mass the size of a hen’s egg involving the meso-appendix (Fig iB) This mass 
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was carefully dissected from the cecum along its serosal covering and a gangrenous 
diverticulum was noted This gangrenous mass was tightly adherent to the cecum and 
was made up of inflammatory tissue covered tightly by meso-appendix and in its center 
was the perforated tip of the diverticulum The entire mass was excised at the base of the 
diverticulum The defect in the cecum was closed with interrupted catgut sutures and 
reinforced with #6o cotton sutures There was no spillage into the peritoneal cavity and 
no evidence of generalized peritonitis The appendix was removed routinelj The 
abdomen was closed without drainage and without the institution of chemotherapy The 
patient’s convalescence was not remarkable and he was discharged from the hospital 
15 days postoperatively Roentgen-ray study of the gastro-mtestinal tract and a barium 
enema examination of the colon postoperatively revealed no evidence of diverticula 
throughout the rest of the colon Pathologic examination revealed a small sac-hke 
structure which contained many blood vessels, eosinophils, polymorphonuclear and lympho- 
cytic infiltration throughout the walls, layers of muscularis, mucosa and serosa were 
noted and a diagnosis of gangrenous diverticulum was made 

Approximately two weeks following the patient’s discharge from the hospital, he was 
readmitted with complaints of fever, chills and swelling in the right lower quadrant 
Physical examination at this time revealed a tender, firm mass beneath the recent 
McBurney scar Temperature was loi 4“F on admission Examination was other- 
wise negative After conservative treatment with wet packs and chemotherapy for 
a few days, the mass was opened surgically under sodium pentothal anesthesia and was 
found to be a subcutaneous hematoma This was drained and no evidence of inflammation, 
exudate or pus was noted Patient was discharged 20 days later, completely well 


Case 3 The patient was a 30-year-old white male who entered the hospital on 
May 20, 1947, with a history of awakening in the morning with soreness m the right 
lower quadrant which continued without relief up until the time of examination There 
had been no nausea or vomiting His bowels had moved normally the day before He had 
had no history of similar attacks, no hematemesis, jaundice or other GI complaints 
He had a history of recurrent attacks of malaria since his discharge from the sen ice 
His temperature on admission was 99 6"F Examination revealed moderate tenderness 
on deep palpation in the right lower quadrant with rebound tenderness referred to 
McBurney’s point There was no spasm and no palpable mass Urine examination, on 
admission, showed an occasional coarse, granular cast , otherwise it was negative Subse- 


quent urine examination showed an occasional hvahn cast, another coarse granular casts, 
from 5 to 6 white blood cells, and 10 to 12 red blood cells per high power field His 
serology was negative Examination of his blood showed a white blood count of 12,400 
cells per cubic mm of blood with 75 polymorphonuclear cells A diagnosis of acute 
appendicitis was made The operation was carried out under spinal anesthesia through a 
transverse incision in the right lower quadrant There was no free fluid present m the 
peritoneal cavity A firm mass, the size of a hen’s egg, was found bound down in the 
right gutter on the lateral aspect of the cecum (Fig iC) Inspection reiealed the 


appendix to be lying free and not involved in the mass and not inflamed The cecum wa- 
mobilized with difficulty, and the cecum and mass exteriorized The mass was dissected 
from the cecum and in its center was found a ruptured diverticulum with abscess forma- 
tion The appendix was somewhat inflamed The diverticulum was on the posterior latera 
aspect of the cecum, approximately inches lateral to the base of the appendix It ha 
a broad base and its tip was divided to form two separated diverticula, one of ishich 
inflamed and the other of which was perforated and involved 111 the before-mention 
mass The wide base of the two diverticula was clamped, the mass excised, and the de cct 
in the cecum closed with an im erting type of catgut suture reinforced by ^40 mterrup 
cotton sutures The appendix uas removed in the routine manner Inspection o 
remaining exposed portion of the colon revealed no further diverticula The abdomen was 
closed without drainage and no chemotherapy instituted The pathologic examination 
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showed the specimen to be a true diverticulum containing all layers of small intestine with 
necrosis of the epithelium and diffuse invasion of the wall by leukocytes m the musculans 
Convalescence was uneventful and the patient was discharged approximately 17 da3's 
postoperatively At this time a gastro- intestinal roentgenographic study was made, as 
well as a barium enema examination which revealed a small diverticulum on the medial 
aspect of the ascending colon, just below the hepatic flexure (Fig 2) There was no 
other eiidence of dnerticula or pathology 

COMMENT 

It IS seen from these cases that acute diverticulitis of the cecum closely 
resembles an acute appendicitis in all respects and behaves very similarly 
m the abdomen Abscess is usually formed at the site of peiforation and very 
rarely causes geneialized peritonitis The omentum frequently acts to localize 
the exudated material and holds it in check to form abscesses similar to those 
noted m two of these cases The abscesses often he adjacent to the mesentery 
or betw een its leaves These thick- walled abscesses are closely associated with 
the cecum and often liecome tumefied and associated with large mesenteric 
lymph nodes to the extent that differential diagnosis of malignant tumors of 
the cecum is ver\ difficult, if not impossible, even at operation This is a very 
impoi tant fact because, as is well known, carcinoma of the cecum is much more 
common than diverticulitis of the cecum Consequently, unless the accurate 
diagnosis is made by the operating surgeon, the improper operative procedure 
may be carried out and a radical resection of the cecum and ascending colon 
done in the belief that the lesion at hand is a carcinoma, whereas in reality 
It may be an inflamed diverticulum and a simple resection of the local lesion 
IS all that IS necessary On the other hand, since diagnosis of carcinoma of the 
cecum IS a much more formidable one and the sequelae carry such a high 
mortality, error in the opposite direction should also be guarded against 
Most patients subjected to surgery for diverticulitis of the cecum recover The 
mortality rate is given as 6 per cent 

At operation the usual finding is a single diverticulum with a narrow neck 
in the outer portion of the cecum It may have become congested by con- 
cretions 01 fecalith and obstiucted and the neck traps pus in the blind sac 
Since the musculans is often absent or very deficient there is no pressure to 
force the fecalith or blocking concretion out of the neck and thus obstruction 
and strangulation result This set of circumstances differs from the normal 
functioning appendix which is able, in numerous cases, to empty itself Due to 
this bottle neck formation and stasis and an increased absorption of water in 
the right colon, fecaliths are more liable to form and give rise to acute inflam- 
matory reaction here Jonas^® found fecalith present in 684 per cent of his 
cases A fecalith was present in only one of the cases reported in our series 
of three 

Local sequelae following acute diverticulitis of the cecum may be (i) 
Perforation with localized or generalized peritonitis, (2) gangrene of the 
diverticulum, (3) abscess formation, usually involving the right portion of 
the cecum, peritoneum in the right lower quadrant, and omentum, (4) mul- 
tiple adhesions in the area of the diverticula, (5) entero-intestinal fistula, or 
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entero-vesicle fistula, or entero-colic fistula, or otliers, (6) retrocecal abscess, 
(7) extra-peritoneal abscess 

There may be a diverticulitis with intestinal obstruction or there may be 
diverticulitis associated with a carcinoma of the cecum, so both should be kept 
m mind at the time of operation Upon palpation of a mass in the cecum at the 
time of opeiation, an examining finger may be placed in the opposite wall of 
the cecum and the surgeon may feel a defect or hole in the mass at the site of 
the base of the diverticulum, and this may give some aid in differentiating it 
from a Carcinoma 

The other diseases which must be considered and differentiated from acute 
cecal diverticulitis are Acute appendicitis, carcinoma of the cecum, actmoim- 
cosis of the cecum and right side of the bowel, and intussusception 

The microscopic pathology usually noted is gangiene of the mucosa with 
ulceration, inflammation of the muscularis with thickening and edema, with 
infiltration of blood vessels, and inciease in the leukocytes in the subserosa, as 
well as fragmentation of the muscularis, and a generalized inflammatory picture 
Perforation is much more likely if the muscularis of the bowel is absent in the 
diverticulum proper 

The treatment should be such that the minimal operative procedure is 
carried out to effectively eradicate the pathology present The plan of treat- 
ment necessarily depends on the type and extent of the lesion, as follows 
(i) Simple excision of the involved diverticulum with closure of the defect 
in the cecum (similar to the procedure carried out in routine appendectom} ) 
can be done if too much of the bowel wall is not involved In this respect, our 
experience is compatible with that of Gatewood^^ in that the tissue edges of 
the bowel were noimal despite the gangrenous character of the diverticulum 
itself, and closui e of the cecal defect could be cai ried out with ease by a purse 
string-type sutui e However, if edema and thickening of the cecal wall in the 
area of the diverticulum is marked due to abscess formation and gangrene, as 
reported by Frehlmg,® closure of the cecal defect is difficult and more extensive 
resection of the cecum may be necessary to get an effectual closure (2) Simple 
closure of the defect after a perforation has occurred by invagination of the 
stump and suturing normal serosa to serosa at the base of the cecum is simple 
and often adequate (3) Right colectomy will be necessary if too much of the 
cecum and ascending colon is involved in inflammatory and gangrenous mass 
and It is evident that any lesser procedure would jeopaidize the patients wel- 
fare, or w'ould add to the spread of infection or increase morbidity or mortaht} 
This should be used as the last resort However, Jonas^*’’ points out that ver) 
large inflamed diverticula lying close to the ileo-cecal valve or between tlie 
leaves of the mesentery, so as to jeopardize the cecal blood supply, require 
extensive resection, including the terminal ileum and ascending colon, with an 
anastomosis betw^een the ileum and transverse colon (a) Drainage of an 
abscess is the only practical procedure when present, or an inflammatory mass 
adherent to the terminal ileum rest of cecum, and peritoi eum to such an 
extent that attempt at resection would spread the infection and increase 1 
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morbidity (5) Exteriorization of the mass in a Mikulicz’s type of procedure 
has been recommended when the cecal wall is gangrenous to such an extent 
that to return the cecum to the abdominal cavity would be unthinkable At a 
later date, the ileo-colostomy would then have to be closed An alternate pro- 
cedure, recommended by Frehhng,® is to simply exteriorize the portion of the 
cecal wall which is gangrenous, form a cecostomy and allow the gangrenous 
portion of the cecum to slough, this results in a subsequent fistula, which 
may close itself 01 require minimal operative procedure at a later date (6) 
Resection of the cecum may be necessary in cases where the cecum alone is 
involved and the terminal ileum and ascending colon appear to be in fairly good 
condition If the blood supply to neither is jeopardized, the cecum itself may 
be resected and a side-to-end anastomosis be done between the terminal ileum 
and ascending colon just above the cecal legion (7) Schung^- advises con- 
ser^'-ative tieatment with chemotherapy without lesection if the clinical diag- 
nosis can be made, on the rationale that the majority of the lesions would dram 
into the bowel and subside spontaneously This is not recommended for a 
routine procedure 

CONCLUSION 

Acute diverticulitis of the cecum is not as rare a disease as was previously 
believed, as evidenced by a total of now more than 100 cases m the literature 
It must always be consideied m patients exhibiting right lower quadiant pain 
and in whom a preoperative diagnosis of appendicitis is made There is close 
resemblance to appendicitis in its pathology and action in the abdomen, which 
makes surgery the treatment of choice in this disease in all cases Usually at 
operation for appendicitis, when a non-involved appendix is found, the possi- 
bility of cecal diverticulum, as well as a Meckel’s diverticulum, must be con- 
sidered The operative procedures which have been recommended are given 
The differential diagnosis, preoperatively, between acute appendicitis and 
diverticulitis of the cecum cannot be made At operation, the diffeiential 
diagnosis between the much more frequent carcinoma of the cecum, and 
diverticulitis of the cecum is very difficult to make A careful evaluation must 
be made by the surgeon to avoid either a too radical resection for a minimal 
disease or a too limited resection in the case of a carcinoma, which merits the 
widest type of excision Differentiation of this condition from a fibrosing type 
of tuberculosis of the cecum, from actinomycosis of the cecum and appendiceal 
abscess requires knowledge, experience and skill Great care should be exer- 
cised in an attempt to cai ry out the correct procedure in each case The con- 
dition may be present at any age in either sex, m fairly equal numbers, and if 
properly treated the mortality rate is low The complications and sequelae are 
listed above The one case reported here in which a hematoma of the abdom- 
inal wall resulted postoperatively is not a true sequela of the disease since there 
was no evidence of infection and it vas obviously an error in hemostasis at 
time of operation 

Published with permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinion*- 
expressed or the conclusions drawn by the author 

117 



FRANK C HENRY 


Aimali ot Burfcrj 

ianuary 1949 


REFERENCES 


^ Anderson, Leo Acute Diverticulitis of the Cecum Surgery, 22 479-488, 1947 

2 Baker, J W , and Thomas Caolite Solitary Diverticulitis of the Cecum J A M A , 

122 354-356, 1943 

3 Bearse, Carl Acute Perforative Diverticulitis of the Colon in Young Persons J A 

M A,ii3 1720-1722,1939 

* Bennett- Jones, M J Primary Solitary Diverticulitis of the Cecum, a report on 3 
cases with a review of 17 recorded cases Brit J Surg, 25 66-76, 1937 
Burgess, C M Diverticulitis of Cecum Am J Surg, 50 108-111, 1940 
•’ Busch, Irving, and Louis Friedfeld Solitary Diverticulitis of the Cecum Am J Surg, 
57 555-557, 1942 

^ Cook, A B When Appendicitis Is Not Appendicitis A Case of Diverticulitis of 
Cecum J A M A, 78 578-580, 1922 
Epstein, Samuel Diverticulitis of Cecum Am J Surg, 22 276-278, 1933 
'■ Frehling, J A Divei ticulitis of the Cecum with Report of a Case Kentucky M J , 

31 152-157, 1945 

Frehling, Stanley Diverticulitis of the Cecum A Method of Management Ann 
Surg , I2I 83-87, 1945 

Cart, S G Diverticula, Diverticulitis and Peridiverticulitis of the Small Intestine, 
Cecum, Colon, Sigmoid Flevare and Rectum J A M A , 77 1413-1420, 1921 
1- Gatewood, J W Solitary Diverticulitis of the Cecum Report of Two Cases Ann 
Surg, 122 52-58, 1945 

Grace, A J Acute Solitary Diverticulitis of the Cecum Report of a Case Surger), 
7 232-235, 1940 

14 Primary Solitary Diverticulitis of Caecum Brit J Surg , 26 200- 

2or, 1938 

Greensfelder, L A , and R I Hiller Cecal Diverticulosis with Special Reference to 
Traumatic Diverticula Surg , Gynec & Obst , 48 786-795, 1929 
Jonas, August, Jr Solitary Cecal Diverticulitis JAMA, 115 194-197, 194 ° 
Leonardo, R A Primary Solitary Diverticulitis of Cecum Ann Surg , 91 54®" 
543, 1930 

** Moschowitz, A V Acute Gangrenous Perforated Duerticulitis of the Cecum Ann 
Surg, 67 624, 1918 

1®' Ochsner, H C , and J A Bargen Diverticulosis of the Large Intestine and Evaluation 
of Historical and Personal Observations Ann Int Med, 9 282-296, I93S 
O wings, J C, and Zachanah Morgan Solitary True Diverticulum of the Cecum 
Surgery, 8 662-664, 1940 

Rogers, F L , and D C Hilton Case of Diverticulitis of the Cecum Simulating Acute 
Recurrent Appendicitis Nebraska M J , 15 I53'i55, ^930 
-- Schnug, Edward Acute Diverticulitis of the Cecum Surgery, 13 282-289, t943 
Stewart, A Solitary Diverticulitis of the Caecum Canad M A J , 23 675'^76, ^93° 
Gordon-Taylor, G Solitary Diverticulum of the Caecum Proc Roy Soc Med, 3* 

896-897, 1939 

-® Mayo, W J , L B Wilson and H Z Giffin Acquired Diverticulitis of the Larg 
Intestine Surg, Gjmec & Obst, 5 8-15, 1907 
Nash, Emile C , and W L Palmer The Clinical Significance of Dnerticu M's, 
including Dnerticulitis, of the Gastro-Intestinal Tract Ann Int Med, 27 4t 


1947 g 

Noon, Z B , and H H Schenk Solitary Diverticulitis of Cecum Am J Surg , 4 
364-368, 1945 . 

Visconti, J A Diverticulitis of Ascending Colon Simulating Acute Appenaicins 
J Surg, 32 376, 1936 


118 



THE USE OF FULL THICKNESS SKIN GRAFTS 
IN THE REPAIR OF LARGE HERNIAE* 

Richard J Chodoff, M D 

Philadelphlv, Pa 

The problem or repair of the abdominal wall m patients with large 
hernial defects has taxed the ingenuity of the surgeon for many years The 
procedures described attest by their number and diversity to the fact that no 
single satisfactory method has yet been found It is the author’s opinion that 
the use of full thickness skin as a buried graft in the repair of large herniae 
may be the answer to what has been, in some cases, an almost insoluble 
problem 

Skin, minus the epidermal layer, is known as cutis Loewe^ and Rehn” 
first advised using cutis in the repair of postoperative abdominal herniae 
Cutis has been used extensively and almost exclusively in the United States 
by Cannaday ^ Cutis is elastic and contains a rich network of connective tissue 
fibres When it is stretched and sutured under tension as a buried graft it 
soon undergoes metaplasia into firm connective tissue Biopsies taken four 
years after cutis had been buried in deep tissues showed histological evidence 
of normal connective tissue, with no sign of retention cysts, hair follicles or 
sebaceous glands (Uihlein^) These findings have been confirmed by Peer 
and Paddock^ who, after scraping the epidermis, buried free skin grafts m the 
chest walls of human subjects The grafts were removed for study at periods 
ranging from seven days to 12 months They found marked connective tissue 
response at the site of implantation Sweat glands were replaced by fibrous 
tissue and sebaceous glands had disappeared Mair° operated upon a man three 
months after he had used a full thickness skin graft in the repair of an 
inguinal henna and noted that it was difficult to tell where the graft began 
since metaplasia into connective tissue was so profound Histologic examina- 
tion of the tissue showed highly vascular connective tissue with no identifiable 
dermal or epidermal elements The graft was richly infiltrated with collagen 
and elastic fibres and was firmly adherent to the underlying muscle No 
macroscopic or micioscopic cysts or hair follicle remnants were seen A few 
giant cells were present 

The findings of Mair and of Peer and Paddock indicate that full thickness 
skin IS as efficacious as cutis and that the danger of inclusion cysts forming in 
the buried graft is negligible Do wounds in which skin has been buried show 
an increased liability to infection^ Harkins," in listing his objections to the 
use of cutis, named infection from organisms in the hair follicles and 
sudoriferous glands However, Man® in 1945 reported only two cases of mild 
sepsis in 137 hernial repaiis in which he had used whole skin grafts In 1946 
the same authoi® stated that the incidence of wound sepsis and hematoma was 
no greater with this method than in any of the standard t) pes of repair 

Submitted for publication, May, 1948 
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Is whole skin preferable to cutis if one adopts the use of skin as a method 
of hernia repair? Whole skin is easier to obtain than cutis, operating time is 
consequently shortened If removal of the epidermal layers of the skin is not 
necessary to prevent infection or the formation of inclusion and retention cysts 
there is apparently no reason for not using whole skin instead of cutis 

Harkins'^' has said that in his opinion the bridging of defects in incisional or 
ventral herniae is seldom necessary and that he “has never seen a ventral or 
incisional hernia where the fascial layers could not be brought together ” How 
ever, two of the author’s small series of cases were incisional herniae secondar) 
to shell fragment wounds of the abdomen, in which thei e had been such exten- 
sive loss of tissue m the abdominal wall that it was impossible to approximate 
peritoneum or fascia It is true, of course, that such laige defects are seldom 
seen in civilian surgery, but we believe that some of the lecurrences seen after 
the repair of ventral and incisional herniae are probably due to the cutting 
through of sutures tied under tension in an effort to approximate fascial gaps 
We prefer m such cases to use whole skin to bridge the fascial gap We also 
believe that skin should be used to reinforce the repair in large herniae even 
when fascia can be mobilized 


CASE REPORTS 

Case 1 — H Age 28, male Large hernia in left upper abdominal quadrant fol 
lowing laparotomy for shell fragment wound of abdomen At operation in January, 1946, 
a defect in the peritoneum and fascia measuring 3 by 5 inches was found The fascia 
could not be approximated A full thickness skin graft was used to cover the defect 
Postoperative course was uneventful The patient was seen in July, 1948, at which time 
the repair was intact and the patient asymptomatic 

Case 2 — F E Age 24, male Left upper abdominal hernia following laparotomy for 
shell fragment wound of abdomen At operation in March, 1945, a defect m the fascia 
was found, measuring 4 by 3 inches The fascia could not be approximated Full thick 
ness skin graft repair was done Uneventful postoperative course A letter received from 
the patient in Aug , 1948, stated that he was well and had no evidence of recurrence 

Case 3 — H F Age 45, male Incisional henna in ngnt upper abdominal quadrant 
At operation in May, 1946, a fascial defect was found measuring 3 by 5 inches Partial 
fascial approximation was done with a full thickness skin graft to complete the repair 
and reinforce the fascia Patient was seen in August, 1948, with no evidence of recurrence 

Case 4 — H K Age 51, male An extremely obese man with a large incisional 
hernia in the right upper abdominal quadrant, of 18 years duration At operation in 
September, 1946, a fascial defect measuring 4 by 4 inches was found The fascia aroim 
the margins of the ring was extremely thin and frayed out The fascia was approximate 
and a full thickness graft used to cover the area This patient developed a large col ec- 
tion of serum m the wound which became grossly infected, necessitating incision an 
drainage The repair remained firm and when seen in August, 1948, there was 00 
evidence of recurrence 

Case 5 — ^M P Age 26, male This patient had a large, recurrent direct inguina^l 
hernia At operation in September, 1946, there was a very large direct hernia wi 
complete deficiency of the transversalis fascia Repair was effected by suture of a 
of rectus sheath to Cooper’s ligament, supplemented by a free full thickness skin gra 
behind the cord Patient was seen m July, 1948 with no evidence of recurrence 
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Case 6 — W L Age 53, male Entered hospital for treatment of a bleeding 
duodenal ulcer and repair of a large incisional hernia m the right upper abdominal 
quadrant In September, 1946, an infra-diaphragmatic vagotomy was done and the hernia 
repaired by approximation of the fascia and a full thickness skin graft Postoperatively the 
patient developed massive pulmonary atelectasis and marked pylorospasm with prolonged 
gastric retention In spite of intensive therapy including administration of urethane 
betamethylchohne hydrochloride and posterior gastroenterostomy the patient went 
steadib" downhill and died in December, 1946 The heinia repair remained firm through- 
out and was intact at postmortem examination 

Case 7 — J P Age 71, male Patient had a huge direct inguinal hernia He was 
transferred to the surgical service after a perineal prostatectomy and operated upon 
in September, 1947 At operation a very large direct hernia was found, with complete 
deficiency of the transversahs fascia A flap of rectus sheath was sutured to Cooper’s 
ligament and a full thickness skin graft placed behind the cord The patient was dis- 
charged m 9 days with a firm repair The patient was seen in Aug , 1948, and had no 
evidence of recurrence 


SUMMARY 

A review of the use of full thickness skin grafts in the repair of large 
hernial defects has been presented A small series of cases has been cited, 
largely in an attempt to stimulate interest in a method which has not been 
used extensively in this country and which the author believes has great 
merit By using skin, both as the sole tissue in repair, or as a supplement to 
inadequate fascial closure, difficult plastic proceduies may often be avoided 
This is especially desirable when the contemplated method of repair involves 
shifting or free grafting of large flaps of fascia with subsequent secondary 
fascial defects The procedures used aie simpler and less time consuming 
than the usual plastic fascial repairs Whole skin grafts proved efficacious in 
several cases in this senes which would have been extremely difficult to repair 
by any other method 


CONCLUSIONS 

1 Whole skin, sutured under tension as a buried graft, is an effective 
substitute for fascia in the lepair of laige herniae 

2 There is little or no danger of the development of inclusion or retention 
cysts in these grafts 

3 There is usually enough redundant skin over the hernia to provide for 
the giaft The need for a secondary donor site seldom arises 

4 The incidence of infection and hematoma formation is no greater than 
m othei t}^pes of repair 

5 This method can be used to collect some large herniae which would be 
very difficult to repair by any othei type of procedure 
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CIRSOID ANEURYSM OF THE SCALP REPORT OF A CASE* 
Orvill-e F Grimes. M D , and Norman E Freeman, M D. 

San Francisco, Calif 

FROM THE DIVISION OF SURGERY UNIVERSITY OF CALIFORNIA MEDICAL SCHOOL 

SAN FRANCISCO 

Cirsoid aneur\sms are discussed in the literature under various titles 
Virchow believed them to be tumors of blood vessels and called them racemose 
aneurysms Dupuytren considered them to be arterial varices, while according 
to Vircho\\, it was Breschet who suggested the term cirsoid from the Greek 
kirsos meaning varix They are known also as arterial angiomas or aneurysms 
by anastomosis Reid in 1925 published an account of 33 cases of arterio- 
venous communications, including four cirsoid aneurysms He made no dis- 
tinction bet\\ een the various types and used the term arteriovenous aneurysms 
to designate all conditions where abnormal communications between arteries 
and veins existed 

Cirsoid aneurysms of the scalp are rare In other paits of the body, the 
trauma leading to this lesion is most often a penetrating wound In the region 
of the skull, both intracranially and extracramally, the injury is usually a 
non-penetrating one A distinctive feature of cirsoid aneurysms of the scalp 
IS their progressive nature in contrast to the tendency toward stabilization 
often show n by similar lesions elsewhei e m the body 

It IS now generally agreed that the cirsoid aneurysm is a form of arterio- 
venous fistula in wdiich the earliest abnormal communications are betw^een the 
arterioles and the venules The inciting factor is believed to be trauma, fre- 
quently trivial, which results m rupture of the small vessels and brings about 
false communications betw''een the smaller arteries and veins The ultimate 
effect of such abnormal openings is to divert blood under arterial pressure 
directly into the venous system with resultant venous dilatation The decreased 
resistance to the flow of blood from artery to vein at the site of the fistula as 
compared to the resistance to the flow of blood through the capillary bed 
elsew'here leads to an increase m the volume of blood flowung through the 
fistula and results in dilatation of all the vessels in the neighborhood The 
cirsoid aneurysm comes to be composed essentially of two parts, the fistula 
itself and the dilated afferent and efferent vessels 

There is a growung tendency in modern literature to disregard the term 
cirsoid aneurysm and to discuss these lesions wath other types of arteriovenous 
fistulas How^ever, the term cirsoid is so deeply entrenched in medical liter- 
ature that its continued use seems justified Certainly the term has come to 
convey the clinical picture now' familiar to all One need only recall that it is 
a type of arteriovenous aneurysm 

A patient wath a cirsoid aneurysm of the scalp has lecentl} been success- 
* Submitted for publication, July, 1948 

123 



CRIMES AND FREEMAN 


Annals ot 8urg«j 
January 194 ? 


fully treated at the University of California Hospital The case history and a 
brief discussion of the problem follow 

AETEKIOVENOtrs ANEURYSM OP THE SCALP 

F P . a 35-year-old white male, sustained a blow on the head resulting in a scalp 
laceration in an auto accident in February, 1942, 5 years before entering the Universit) 
of California Hospital The wound was immediately sutured and the patient had no 
further distress until years later when he first noted swelling in the region of the 
previous injury The mass steadily increased in size and the right temporal artery became 

visibly enlarged and tortuous For 2 months 
prior to admission he was aware of a 
“swishing" noise when reclining, more no 
ticeable when the head was turned to the 
right side He had noted that the noise was 
synchronous with his pulse 

At the time of entry there was a diffuse 
swelling which occupied the right fronto 
parietal region of the scalp (Fig i) This 
mass was composed of tortuous vascular 
channels extending posteriorly to the leiel 
of the external auditory meatus The over- 
lying skin was reddened, scarred and some 
what thinned out The lesion was everj- 
w’here soft, compressible and non-tender A 
continuous murmur with systolic accentua- 
tion was heard over it and a thrill could be 
palpated over its midportion Both temporal 
vessels were dilated and tortuous Com 
pression of one or both of the temporal 
arteries decreased the size of the mass but 
did not obliterate it, nor was the bruit 
completely stilled The optic fundi were 
normal and the auditory acuity was bilater- 
ally equal The remainder of the physical 
examination was not remarkable There 
i\ as no tachycardia and the heart was of normal size and shape The pulse was not slowed 
oy compression of the aneurysm 

In order to obtain arteriograms, the right common carotid artery, along with its 
nternal and external divisions, was exposed under local anesthesia through an incision 
parallel to the anterior border of the sternomastoid muscle While the internal carotid 
irtery^ was temporarily occluded by a bull-dog clamp, 15 cc of 20 per cent thorotrast 
■olution were injected into the external carotid artery Thereafter, an injection of 25 cc 
of thorotrast solution was made into the internal carotid artery while the external division 
ivas occluded (Fig 2) A senes of roentgen films was taken after each injection 

The intracranial circulation from the internal carotid artery appeared to be essentiall} 
normal However, there was a channel, probably taking origin from the ophthalmic 
irtery, which traversed the supraorbital region beneath the roof of the orbit and filled a 
vessel lying within the scalp (Fig 3A) The injection of the external carotid arterv 
showed two large and tortuous arteries, one in the frontal and one in the parietal region 
(Fig 3R) The second film of the series showed filling of widely dilated tortuous chan- 
nels which were presumably veins The angioma received its main blood supply from 
the external carotid arterj', although some of its supply came from the internal caroti 
artery' through vessels which traversed the orbit just below the orbital roof 
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Operation was performed under intratracheal nitrous oxide anesthesu Bilateral 
inasions exposed greatly enlarged and tortuous temporal arteries along with their accom- 
panying veins Each temporal artery was divided and ligated (Fig 4, insert) A semi- 
circular fronto-parietal scalp incision was then made extending through the galea 
aponeurotica, and the entire scalp flap was reflected forward The individual vessels were 
visualized and a large mass of tortuous, dilated and engorged arteries and veins was 



Fig 2 — Angiograms of the aneurysm and its associated vasculature were obtained 
by injecting thorotrast into the external and internal carotid arteries 


completely removed (Fig 4) The flap was replaced, sutured and held adherent to the 
skull by a firm pressure dressing 

The patient’s postoperative course was uneventful and the wound healed per primam 
There was no evidence of a bruit or thrill, and the paticnt was no longer conscious of the 
subjective noise noted before operation All dilated and tortuous channels had apparently 
been removed (Fig S) 

DISCUSSION 

Cirsoid aneurysms are most frequently traumatic, though sometimes the> 
appear to arise independently through the presence of a pre-existing congenital 
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vascular abnormality ot an angiomatous nature They are considered to occur 
secondary to a congenital arterial angioma, or more rarely to a venous angioma 
Although trauma is usually considered to be the inciting cause, some autlior«; 
believe that inflammation plays a prominent role in then production 

Sites of predilection are the scalp, face, hands, and feet Actually they ma\ 
develop anywhere m the body, although there are few reports in the literature 
indicating the presence of cirsoid aneurysms associated with the viscera One 
such report concerns a cirsoid aneurysm of the left gastric artery secondariK 
producing peptic erosion and copious gastric hemorrhage 



Fig 3 (A) — Roentgen film taken immediately after arterial injection, demonstrates the 

arterial supply of the aneurysm 

Clinically the aneurysm is easily diagnosed It is a painless lesion even to 
firm palpation but causes distress because of the beating sensation of wine 
the patient is constantly aware Frequently intense headache and tinnitus tna) 
be experienced Beneath the bluish tinged skin, the cirsoid aneurysm 
as an irregular, diflfuse, elevated mass which is not only soft but easily com 
pressible When pressure is released the mass quickly fills w'lth blood an 
returns to its former size There are usually visible pulsations, and a tin^^ 
synchronous with the arterial beat can be palpated A blow ing murmur can 
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heard on auscultation over the aneurysm This murmur may be continuous, 
continuous with systolic reinforcement, or biphasic with a strong systolic and 
a weaker diastolic component, or with simply a systolic one Compression of 
the tumor causes disappearance of the murmur and thrill The impression 
imparted to the examining hand is that of a mass of worms 

It is most important to determine the presence of communications with 
enlarged vessels within the skull The injection of radiopaque material into 
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Fig 3 (B) — Roentgen film taken immediately alter arterial injection , demonstrates the 

arterial supply of the aneurysm 


the afferent arteries followed by an appropriate series of roentgen films will, 
in most instances, demonstrate the extent of the involvement 

The cirsoid aneurysm is to be differentiated from an arteriovenous aneur- 
ysm and an angioma The arteriovenous aneurysm affects the larger vessels 
and has but a single communicating fistula, pressure upon which causes the 
bruit or thrill to disappear This phenomenon has been mentioned as Terrier’s 
sign In cirsoid aneurysms, the communications are multiple, are between the 
smaller vessels, and the bruit or thrill disappears only when pressure is exerted 
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Fig 4 — Diagrammatic lepresentation of the operative procedure Com 
plete excision of the aneurysm was performed after preliminary ligation of 
both temporal arteiies 



Fig 5 — ^Two weeks after operation the wound had completely healed j,„er 
components of the aneurjsm had been totally eradicated and the patient «as uo 
aware of the subjectue “swishing noise” that he had noted before operation 
appearance of the operative area six months after surgery is shown in B 
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ovei the entiic suiface ol the tumoi Congenital angiomas appeal as simple 
led 01 bluish aieas ovei which theie is no thiill, hunt oi pulsation 

Most authois agree that ciisoid aneui}sms nevei heal spontaneously 
Various methods of tieatment have been pioposed Among these are appli- 
cation of various caustic agents, injection of scleiosmg solutions, compression, 
hgatuie of the alteient vessels, electrocoagulation, ladiation and extirpation 
Patey has lecentl) desciibed the successtul use of aiteiial ligation combined 
with venous injection The inefficiency of proximal arterial ligation as the 
sole means of tieatment is well lecognized Howevei, the value of pieliminaiy 
ligation of the piincijjal afteient aiteij' oi arteries at a point pioximal to the 
lesion cannot be denied 

The most effective means of tieatment is by complete suigical removal 
In spite of all piecautions this opeiation caiiies some risk fiom seveie hemor- 
ihage Ciisoid aneuiysms are cuied by excising oi eliminating by ligation 
the abnoimal communications Iietw'een arteiies and veins It is not always 
possible to asceitam the exact site of such fistulae In oidei to be ceitain that 
all of them have been extiipated, it is fiequently necessary to lemove large 
masses of dilated vessels If an abnoimal opening is overlooked, some of the 
dilated vessels will peisist This phenomenon has led some obseueis to regard 
cirsoid aneuiysms as neoplastic m oiigin How'evei, the evidence, both histo- 
logic and fiom follow^-iip studies, suggests that they aie not neoplastic 

SUiMiMARY 

Cirsoid aneurysms ot the scalp aie usually progiessive m natuie and lesult 
most fiequently fiom non-penetiating tiauma to an area containing a pre- 
existing vasculai lesion of a congenital angiomatous natuie The ciisoid is a 
foim of aiteiiovenous aneuiysm exhibiting multiple abnoimal communications 
between the smallei aiteiies and veins The decreased lesistance of blood flow^ 
through the multiple communications leads to a laige volume flow of blood 
to the aiea lesulting m a dilatation of all the vessels in the neighborhood of 
the fistula The enlaiged vessels aie clearly visible and resemble a mass of 
w'Oims beneath a thinned out and bluish tinted scalp In contiast to the more 
common congenital angioma, the ciisoid aneuiysm pulsates and exhibits a 
built and thrill ovei the abnoimal communications 

Although many methods of tieatment have been advocated, the piocedure 
of choice is complete extiipation accompanied or preceded by ligation of the 
affeient aiteiies 
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PRIMARY SPLENIC NEUTROPENIA A SPECIFIC INDICATION 

FOR SPLENECTOMY*! 

REPORT OF A CASE 

Louis T Palumbo, M D , F A C S 

Des Moixes, Iowa 

1 ROM THE DEPARTMENT OF SERGERY, VETERANS ADMINISTRATION HOSPITAL 

DFS VOINES, IOWA 

Uniil RLCENTLi^ the conclitioiib or diseases considered as an absolute 
indication foi splenectom} weie limited to traumatic rupture, idiopathic 
thrombocytopenic purpura, primary splenic anemia, and congenital hemolytic 
jaundice In the past several years many diseases and entities have been added 
to this list Recentl} included is a disease now known as primary splenic 
neutropenia 

Felty^ was possibh the first to describe a condition or syndrome which 
was primarily a neutropenia, without any specific etiology, but which wa-* 
associated wuth symptoms and findings of arthritis, skin manifestation, and 
splenomegaly In 1924 he desciibed and reported five cases The condition 
w'as then named Felty’s syndrome 

In 1932 Hanrahan and Miller- pei formed a splenectomy m a case of 
Felty’s syndrome wuth complete alteiation of the arthritis and return of the 
white blood count to normal In the same year, Turley^’^ suggested that the 
spleen destroyed polymorphonuclear leukocytes 

In 1939 Wiseman and Doan^- reported three cases of leukolysis resulting 
m a specific granulopenic syndrome which they believed was due to splenic 
dysfunction and were cured by splenectomy In 1942, when the same two 
authors^^ reported five additional cases, the name primary splenic neutropenia 
was used to describe the syndrome or disease At this time they reported what 
was believed to be a hitherto unrecognized cause of neutropenia, resulting 
trom a pathologically altered, physiologic function of the spleen 

It is generally accepted at the present time that the spleen has three 
definite functions m the adult (i) destruction of led blood cells, (2) pro- 
duction of lymphocytes, and (3) the storage of blood Several authorities 
think the spleen peifoims other functions but these ha\e not been definitely 
established 

The spleen may develop a selective destructive function of certain elements 
m the peripheral circulating blood, resulting in idiopathic thrombocytopenic 
purpura, if the phatelets are destroyed, in hemol}tic jaundice, if the erythro- 
cytes are selected for destruction , and primary splenic neutropenia, if the 
leukocytes are the victims 

* Published with permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions 
expressed or conclusions drawm bj the author 

t Submitted for publication July, 1948 
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bince the original descriptions ol this unusual sindioiuc oi disease char 
actenzed by a granuloc} topenia, splenomegaly, and the ability of the boiu 
marrow to function normally or show evidence of panhyperplasia very feu 
cases have been reported m the literature s r. 7 12 n 

CASE KEPORl 

W G M , a white male, 50 years of age, admitted to the Medical Service March 22, 
1944, at which time his chief complaints were Protruding bleeding hemorrhoids, fleeting 
joint pains, and occipital headaches The joint pains began about one year before adnns 
Sion and shifted from one joint to another At this admission his knee joints Merc 
causing some distress The physical examination was negative e\cept for protruding 
hemorrhoids and a scaly deimatitis of both legs which has been present for manj jears 
Laboratory findings were negative The patient did not have a blood count during tins 
period of hospitalization A hemorrhoidectomy was performed and was uneventful The 
patient was discharged June 28, 1944 

He was readmitted to the Medical Service on Sept 19, 194S, with complaints of pain 
in both shoulder joints, knee joint, and pain in the feet He also complained of feeling 
below par, tired easily and became tremulous, nervous, and dizzy on slight exertion The 
physical examination was essentially negative except for limitation of abduction of the 
arms to one-half of the normal range A hyperkeratotic dermatitis was noted on both 
tibial areas of the legs 

On November 30, 1945, examination revealed the spleen to be palpable, three inches 
below the left costal arch There was a small lymph node in the submental region and 
an inguinal node, 2 cm in size, on the right side 

The patient during this period of hospitalization ran a remittent and intermittent lou 
grade fever, never above 100° F Roentgenograms of the spine revealed a mild hyper 
trophic lumbosacral arthritis The most conspicuous findings were the changes in the 
white blood counts (Table I) On September 28, 1945, hemoglobin, 95 per cent, cn 


Table I — Circulating Blood Picture — During Second Hospitalization 

Date 

Erythrocytes 

Hemoglobin 

Leukocytes 

Neutrophils 

9-26-45 

5 150 000 

13 8 Gm 

1 900 

59 

10-9-45 

4 600 000 

13 Gm 

2 100 

32 

10-12-45 

5 050 000 

13 8 Gm 

1 700 

20 

10-22-45 

4 700 000 

13 Gm 

2 400 

31 

12-20-45 


14 Gm 

1 500 

16 

1-24-46 

4 610,000 

12 5 Gm 

2 900 

21 

2-6-46 



2 200 

54 

3-26-46 

3 950 000 

9 5 Gm 

900 


4-24-46 

3 300 000 

10 Gm 

1 700 


6-20-46 

4 000 000 


2 200 

_____ — 


throcytes, 5 15 M, with total leukocytes of 1,900, polys, 59 per cent, lymphocytes, 37 
cent, eosinophiles, 3 per cent, sedimentation rate, 5 mm Sternal marrow biopsy 
done and this revealed many mature erythrocytes, a rare nucleated cell and myelob as 
4, premyelocytes, 26, my'elocytes, 8, band forms, 16, segmental neutrophils, 2, macro 
blasts, 44 The icterus index was normal On November 30, I945> ^ diagnosis was ma 
of lymphatic leukemia m aleukemic phase On the same date the patient was seen 
the consultant in dermatology who made a diagnosis of lichen planus, lichen simp 
chromeus or possible Boeck's sarcoid of the skin lesions of the legs r i t cn 

A biopsy of skin was performed and on January 29, 1946, a diagnosis of ' 
simplex was made 
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The patient was treated by penitillin and pentnucleotides and was discharged from 
the Medical Service June 2=5, 1946 

He was readmitted to the Medical Service on July 24, 1946, with the chief complaint 
of a painful, swollen area, anterior surface of left thigh The area had been present for 
several days Physical examination disclosed a swollen, reddened, tender area of left 
thigh, enlarged spleen, and palpable liver The abscess of the thigh was incised, drained, 
and healed under penicillin therapy The blood picture continued to show a normal 
erythrocyte count and hemoglobin value, and a leukopenia with low neutrophil count 
(Table II) Sternal punctures were performed and showed a normal sternal marrow with 


T\bie 11 - 

-Cirenlatiug Blood Ptctuie— 

-Dm ing 

Third Hospitalisation 

Date 

Frythrocytes 

Hemoglobin 

Leukocytes Neutrophils 

Platelets 

8-28-46 

4 830 000 

12 Gm 

1 900 

32 

385,000 

9-10-46 

4 790 000 

12 S Gm 

1 800 



10-7-46 

5 250 000 

14 0 Gm 

2 500 

62 


*12-3-46 

S 400 000 

12 S Gm 

14 400 

94 


12-9-46 

5 020 000 

13 5 Gm 

18 100 

88 


12-16-46 

4 710 000 

12 Gm 

13 100 

72 


12-24-46 

4 880 000 

13 5 Gm 

9 400 

64 

800 000 

1-28-47 

5 360 000 

14 5 Gm 

10 800 

41 

400 000 


* Day following splenectomj 


the abilitj of tlie inanow to form normal eij'tbiocytes and leukocytes (lable 111 ) Tin. 
Inopsy of the local inguinal lymph node showed hbrosis and no evidence of leukemia On 
November 5, 1946, patient was seen lij a consultant in medicine and hematology who 
stated that the patient had had a persistent leukopenia but has developed no anemia 
Bone mariow examinations indicated that neutrophils were being formed properly so 
that their reduction in the peripheral blood must have been from too rapid destruction 
The spleen was enlarged and obviously pathologic, and it was logical to assume that this 
w'as the site of excessive destruction Leukemia was not iirobable because there was no 
anem a and it was not suggested in the bone marrow He suggested biopsy of a lymph 
node to finally exclude lymphocytic leukemia If this was excluded by the biopsy, he 
advised splenectom% 


Table III — Sternal Pmictuie — Bone Mai row Studies 


8-26-46 


10-9-46 


Segmented neutrophil 

25 

Bands 

41 

Band neutrophil 

22 

Metamyelocytes pmn 

12 

Metamyelocyte neutrophil 

14 

Myelocyte pmn 

21 

Metamyelocyte eosinophilic 

1 

Myelocyte eosinophil 

7 

Myelocyte 

4 

Premy elocytes 

3 

Promyelocyte 

3 

Blast cells 

6 

Blast cells 

5 

Lymphocytes 

10 

Lymphocytes 

4 


— 

Megaloblasts 

5 

Total 

100 

Normoblasts 

11 



Monocytes 

1 



Unclassified 

5 



Total 

100 
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The patient was seen m consultation by the Surgical Service on November 25, 1946, 
at which time the spleen was greatly enlarged and extended below the level of the 
umbilicus The liver was not palpable and there was no evidence of ascites or anemia 
The lymph node revealed fibrosis and the sternal marrow exhibited no abnormalities A 
splenectomy was recommended and was accomplished on December 2, 1946, at which 
time the spleen was found to be greatly enlarged, occupying the entire left upper quadrant 
The spleen was lobulated and the lower pole extended below the limit of the umbilicus 
The spleen was so large and boggy that it was impossible to deliver it through the w'ound 
prior to isolating and dividing the splenic pedicle There was, also, a small accessori 



White blood count prior to and following splenectomy 


spleen which measured i cm in diameter, it was found near the hilus of the spleen 
The liver was normal m size, color, and shape and its margins w'ere smooth and sharp 
There w’as no evidence of acites or portal obstruction 

Prior to surgery the erythrocyte count and hemoglobin value were normal and t>e 
leukocjtes revealed a persistent leukopenia varying from 1,400-2,500 (Table II) 

The daj following surgery the leukocyte count was elevated to I4>400 with 94 
cent polys and remained elevated during the remainder of the patient’s stay in the hospita 
(Table III and Chart I ) 

The pathologist reported the specimen consisted of a spleen which was great' 
enlarged and had a bluish discoloration The discoloration was more marked m some 
areas where the capsule had been raised bj hemorrhage On the superior lateral aspc 
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of the spleen numerous small yellow plaques were impacted in the capsule, the average 
diameter being approximately 3 mm One laige plaque was found to measure approxi- 
mately I cm in diameter The specimen w'as very soft and the capsule was wrinkled 
On cut section it was blood-red in color There was considerable oo-ong of blood from 
the cut surfaces The cut surface presented a speckled appearance, the specks being 
uniformly distributed and approximately o 5 mm in diameter and of a bluish-white color 

A second specimen consisted of an accessory spleen, (i cm m size) 

M‘ic}oscoptc Exammation The capsular suiface w'as irregular but smooth There 
w'as one nodule of symmetrically arranged fibrous tissue wdiich revealed partial hyalini- 
zation One aiea of subcapsular hemorrhage exhibited no hemolysis or organization and 
was apparently traumatic 

There was moderate dilatation of sinuses and mild reticulo-endothelial hyperplasia 
Trabeculae were sharply defined and there was no fibrosis Follicles were prominent and 
normal architecture was preseived Arterioles revealed mild sclerosis There w'as a small 
amount of pigment present w'hich was not abnormal in amount Sinusoids contained many 
mono- and multinucleated giant cells with oval nuclei and buff cytoplasm Some contained 
small vacuoles and some contained nuclei of polymorphonuclear leukocytes 

The picture here presented was not typical of splenic anemia or Banti’s syndrome, 
and it revealed no evidence of malignancy It was compatible with the disease described 
as primary splenic neutropenia 

The patient made an uneventful lecovery follow'ing surgeiy and was transferred back 
to the Medical Service on December 19, 1946, for further observation and follow up The 
patient w’as discharged from the hospital on February 5, 1947, completely relieved of all 
svmptoms, blood pictuie normal, and skin lesions completely healed 

CONCLUSIONS 

1 A case of pnmai}^ splenic neutropenia was presented as clinically cured 
by splenectomy and removal of an accessory spleen 

2 The case presented conforms to the description made by Wiseman and 
Doan in 193Q and 1942 The condition resembled Banti’s Syndrome, Felty’s 
Syndrome, subleukemic myeloid leukemia, hyperplastic anemia, malignant 
neutropenia, 01 certain types of chronic infection 

3 The disease results from a splenic dysfunction as a lesult of selective 
destructive action of the reticulo-endothelial cells of the spleen closely 1 elated 
to congenital hemolytic icterus and essential thrombocytopenic purpura in 
which cases the erythrocytes and platelets ai e destroyed respectively 

4 A definite and accurate diagnosis was dependent upon a complete clin- 
ical survey of the patient and a detailed study of sternal marrow, circulating 
blood, and biopsy of a lymph node 

5 This disease should be included in the long list of diseases in which 
splenectomy is definitely indicated 
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Ml METVSTATIC INVOLVEMENT OF PREAUKICULAR LYMPH NODES 
\ND PAROTID GLAND A REPORT OF FIVE CASES 

]uLiAN B Herrmann, M D , and 
Frank E Adair, M D 
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Oni, or THE EARLiLsi SITES foi the appeaiaiice of metastatic mammary 
carcinoma is the ipsilaterai axillary lymph nodes Occasionally axillary node 
metastasis is discovered before the primary breast lesion is demonstrable ** 
Mai tin and Moifit^ found cervical node metastasis to be the first sign of 
bi east carcinoma m o 3 pei cent of the breast cases reviewed by them As the 
disease progresses the supraclavicular nodes ma} become invaded, the node 
situated behind the head of the clavicle m the sternocleidomastoid clavicular 
angle is usually the first to become mvohed This phenomenon is comparable 
to the appearance of the so-called sentinel node in advanced carcinoma of the 
stomach The posterioi cenical chain of nodes ultimately may become 
cancerous and in advanced cases of bieast cancel node involvement may 
extend as high as the mastoid or occipital prominence 

It is houevei unusual for the pieauricular lymph nodes 01 parotid gland 
to become invaded b} the disease The preauiicular lymph nodes may be 
divided into three gioups (i) A superficial or supiafascial group which 
consists of one 01 two, occasionally three or foui nodes situated in the neigh- 
borhood of the tragus The} are tound in approximately one out of three 
individuals (2) A subfascial gioup, containing one or two and occasionally 
three or foui nodes, vhich lies between the fascia and the supeificial surface 
of the parotid gland These nodes are piesent in most individuals (3) A 
deep intraglandular gioup composed of four to ten nodes situated m the 
areolai tissue which unites the superficial cvith the deep lobes of the parotid 
These nodes are constantly present 

Three patients m wdiom the pieauiicular nodes and two in whom the 
parotid gland became involved secondan to caicinoma of the breast arc 
reported m this communication 

1 A W, a 37-year-old white \\oman underwent a left radical mastectomy m 

January 1940, at the Memorial Hospital The patliologic finding was an infiltrating duct 
caremorna grade 3 metastatic to multiple axillary lymph nodes The patient received 
postoperative roentgenotherapy to the left axilla and remained apparently free of disease 
Lr mnre than three years A painful swelling then appeared over the upper left chest 

rsSbmtwTfoTl^hcation Tuh, i94« 

Report to be published 
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near the sternal margin and a tiny node became palpable behind the head of the left 
clavicle These were interpreted as metastatic disease and regressed with roentgeno- 
therapy 

The patient remained asymptomatic for about seven months and then developed 
cough and dyspnea Roentgenographic studies made of the chest at this time revealed 
evidence of pulmonary metastasis On examination a hrm, smooth, freely movable, 
painless subcutaneous nodule about one cm in diameter was palpated in the left preaunc- 
ular region and was interpreted as metastatic inv'olvement of a pieauncular lymph node 
\n aspiration biopsy of this node was reported as carcinoma No other nodes were 
palpable in the supraclavicular or cervical regions The involved node in this case was 
one of the suprafascial gioup The patient succumbed to the disease three months after 
the appearance of the preauricular node enlaigement 

Case 2 — A F , a 48-v ear-old white woman underwent a right radical mastectomj in 
1940 at the Memorial Hospital Pathologic examination revealed an infiltrating duct 
carcinoma grade 3 metastatic to one axillary node 

The patient remained apparently free of disease for about four years and then 
developed a bony prominence in the left parietal region of the skull with pain in the 
lumbar spine Roentgen studies made at this time revealed evidence of metastasis to 
the ribs, lumbar spine, pelvis and skull Radiation therapv was administered to the 
lumbar spine and pelvis with amelioration of the pain 

About SIX months later pam developed m the dorsal spine Roentgenographic 
investigation revealed metastasis to the thoracic and lumbar spine with collapse of the 
body of the 6th dorsal vertebra Several months later (about five years after her 
mastectomy) a smooth, hrm, freely movable, non-tender, subcutaneous node about i 0 cm 
m diameter was found m the left preauricular region This was interpreted chmcall> as 
metastatic disease in a preamicular lymph node of the suprafascial group There was no 
other external evidence of disease and no palpable adenopathy The pat ent died of the 
disease about one month after the appearance of the preauricular node 

Case 3 — L A , a 46-year-old white woman underwent a right radical mastectomy 
at the Iilontefiore Hospital m January, 1947 The pathologic report was undifferentiated 
carcinoma involving the pectoral muscles and metastatic to the axillary fat and bmph 
nodes Roentgenograms of the lumbar spine and pelvis made before operation revealed 
no evidence of metastasis 

The patient was readmitted to the Montefiore Hospital three months later because of 
massive recurrence in the right anterior and posterior chest wall, right arm and anterior 
abdominal wall There was no supraclavicular, cervical or right axillary adenopathj 
One firm 2 cm node was palpable m the left axilla The left breast was apparcnth 
normal The liver was enlarged and nodular 

A subcutaneous nodule was noted in the right preauricular region about one niontb 
after admission It was 2 cm in diameter, smooth, movable and non-tender, evidentlv 
suprafascial in location Aspiration biopsy was reported as carcinoma The patient died 
about two weeks after the preauricular node was discov'ered 

Case 4 — J V, a 68-j ear-old white woman came to the Memorial Hospital in 
December, 1943, because of a painless lump in the right cheek of three months’ duration 
According to the patient the swelling was as large as a pea when first noticed bj her 
and increased rapidly in size 

Examination revealed a 3 cm firm, well encapsulated mass in the right preauricular 
region which appeared to be embedded in the substance of the parotid gland (Fig i) 
lesions were noted in the oral cavitv, pharynx or larymx There were no palpable supn 
davicuhr or cervical nodes The general physical examination revealed a In pertension 
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of 200/90 but nothing else of note A diagnosis of mixed tumor of the parotid and hyper- 
tensive heart disease was made 

An aspiration biopsy of the tumor mass was reported as either Ijmphosarcoma or 
anaplastic carcinoma with the evidence favoring the latter diagnosis To establish a 
definite diagnosis an excisional biopsy was performed Dr Fred Stewart’s report and 
comment was “Adenocarcinoma grade 3 This may not be a primary parotid tumor Is 
there anything in the breast^” This report prompted a reexamination of the patient's 
breasts The findings were as follow's The breasts weie small, s\mmetncal and the 
nipples normal There was a slight fullness in the right breast on palpation One small 
node was felt in the right axilla On ele\ating the right breast a dimple was apparent in 
the inframammarv sulcus (Fig 2 ) Palpation of this region disclosed a poorl> defined, 
non-tender 3 cm mass Aspiration biopsy of this lesion w'as reported as carcinoma 
Roentgenograms of the lungs w^ere negatne for metastasis 



Fig I 2 

Fir 1 fCase 4)— The swelling in the parotid legion is traversed bj the 
^ scar of the biopsy incision 

Fig 2 (Case 4)— The retracted area is produced by the underlying breast 

carcinoma 


The face and breast lesions underwent considerable regiession with locntgenotherapj 
The patient has remained asymptomatic and there has been no evidence of actn it> of the 
neoplasm up to the present time— a period of four and one-half jears It is not possible 
in this case to determine whether the metastasis was to the parotid or to the mtraglandulai 
group of preauricular nodes 

Case 5— L C, a 58-vear-old white woman underwent a tight radical mastectomv 
for adianced mamman carcinoma at another institution m Scptcmbci, 1943 She was 
asymptomatic for about three jears and then de\ eloped pain in the ceriical region, right 
arm and shoulder Roentgenograms taken at this tune repealed no abnormalities of the 
chest but there was destruction of the 6th ceriical \ertebra which was interpreted as 
metastasis Despite roentgenotlierapN pain m the right arm and shoulder contnuicd and 
the patient gradually lost the function of this extremitj 

In October, 1946, six weeks before admi'^sion to the Montefiore Ho'^jiital, a jiamlcss 
mass appeared suddenh m the right parotid region and mereaced rapidh ni sire Exani- 
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mation on admission levealed a well-healed right radical mastectomy scar There was 
paresis of the muscles of the right shoulder with motor and sensory loss in the right upper 
extremity probably due to involvement of the brachial plexus A firm, non-tender, golf ball 
sized mass w'as found in the right parotid region (Fig 3) It was fixed to the underlying 
structures but the o\erl>mg skin was movable There was no intra-oral lesion and no 
secretion could be expressed from Stenson’s duct No axillary, supraclavicular, cervical 
or inguinal nodes were palpable Abdominal palpation revealed the liver to be enlarged 
and nodular Roentgenological studies disclosed metastases to the skull, ribs, 5th, 6th and 
7th cenical rertebrae and an area of destruction in the right mandible (Fig 4 ) A biopsi 



Fig 3 Fig 4 

Fig 3 (Case s) — This reveals the diffuse enlargement of the parotid gland 
Fig 4 (Case 5) — A large defect involves the angle and ramus of the mandible 


of the parotid mass was leported as carcinoma '\bout one month aftci admission the 
patient became stupoious, probablv from cerebral metastases, and she died shorth 
thereafter 

A postmortem examination revealed widespread metastatic mammary carcinoma 
The right parotid gland appeared grossly to be extensively involved by grayish pink tumor 
tissue and histopathologic examination show'ed complete replacement of the gland bj 
tumor No parotid gland epithelium could be recognized The angle of the right mandible 
was completely eroded, the defect m the cortex extending for 3 cm up the ramus and 
for I cm along the bodv of the mandible Microscopic examination revealed necrotic 
tumor tissue replacing the marrow and invading the periosteum 

As in the preceding case it is impossible to determine w’hethei the bieast carcinoma 
metastasized pnmanly to the parotid or to the intraglandular preauncular nodes Direct 
extension to the parotid from a mandibular metastasis is another possibility 


COMMENT 

Each of our patients was m an advanced stage of the disease at the tune 
that preauncular node or parotid gland mvoh ement occurred and four of them 
died within a short time after invasion of these structures was observed h 
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would seem that preaunculai node oi pat otid gland metastasis is a late mani- 
festation of mammary cancer 

In two patients the involved jireaui iculai node was on the same side as 
the breast lesion and in one patient (Case 2) it vas on the contralateral side 
Both patients with parotid gland metastasis had the involvement on the same 
side as the primary lesion of the hi east It is of interest that in no instance 
was there palpable evidence of supiaclavicular 01 ceivical adenopathy at the 
time the pieaunciilai node 01 parotid gland became invaded except for one 
minute node behind the head of the clavicle m Case i The statement of 
Paget" m reference to bone metastasis tliat “some bones suffer more than 
others , the disease has its sites of election" ma} also appl}' to the sites of 
election of lymph node metastasis 

It has been shown in a previous communication'* that metastasis to the 
mandible fiom mammary carcinoma is an unusual occurrence It is not pos- 
sible to deteimine in Case 5 uhethei the mandible was involved by extension 
of the disease from the parotid gland 01 vice veisa It is possible that there was 
concurrent, independent involvement of mandible and gland 

Since the breast is one of the most fiequent sites for the origin of cancer m 
women this oigan should be suspected in instances of metastatic disease of 
obscure oiigin (Case 4) This case also illustrates the importance of elevating 
the breast and examining both visually and manually its tindei surface, a pro- 
cedure wdiich should be pait of eveiy loutine breast examination 

SUHLMARY AND CONCLUblONS 

1 Three cases of preauricular lymph node and two cases of parotid gland 
involvement b} metastatic carcinoma of the bieast are reported Metastasis 
to these sites is of infrequent occurrence 

2 In one patient there w'as metastatic invasion of the mandible associated 
with parotid gland metastasis In anothei patient the condition simulated a 
primary neoplasm of the parotid 

3 Preauricular node and paiotid gland invohement are late metastatic 
manifestations of breast carcinoma 
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BRIDGING OF ESOPHAGEAL DEFECT BY PEDICLED FLAP 

OF LUNG TISSUE* 

Rudolph Nissen, M D 
Nem York, N Y 

Gkaiis or LUNG TISSUE have been widely used foi reintorcing suture', 
ol the bionchial stump following lobectomy and pneumonectoni) hi 
lobectomy, which as a rule is performed for benign lesions, preference is given 
to a pedicled flap In pneumonectomy where the high level of bronchus 
dissection does not permit preservation of a pedicled flap, Churchill- was 
successful in seeming the bronchial closure by a free graft of lung tissue 
taken from the periphei} of the excised lung The following case historj will 
demonstrate that m surgei}^ of the thoracic esophagus, lung tissue can be 
used for protecting ciitical aieas in piecisel) the same uai as omental grafts 
are used m abdominal surgery 

Case Report A 56-j ear-old male patient was admitted to the Isiael Zion Hospital 
with a brief history of esophageal obstruction Roentgenographs (Fig i) reiealed a 
half-moon shaped filling defect of the middle portion of the thoracic esophagus Roentgeno- 
logic (Doctor Tolk) diagnosis was benign tumor, probably leionlvoma Esophagoscopj 
(Doctor Sihei'tein) and biopsy re\ealed small ulcerations ot the mucosa in the 
obstructed aiea The impression of the endoscopist was also that of a subnnicoiis 
benign tumoi 

At operation on June 20, 1947, the left thoracic cavitv w’as entered through the bed 
of the 6th nb A large tumor of the muscular sheath of the esophagus was found, 
extending from the infenoi margin of the aortic aich to 2 inches below the level of the 
bifurcation The tumor mass occupied the entire circumference of the esophagus 
In order to expose and excise it, two segmental arteries arising from the descending 
aorta had to be severed The muscle tube comprising the entire muscular wall of the 
esophagus was partly interw'oven with and greatly thinned out by the tumor (Fig 2) 
In order to insure radical removal, the entire muscular tube was removed with the 
neoplasm Great care was taken not to pierce the mucosa, although at two points 
(apparently the areas from which the biopsy w'as taken) the remaining mucosal la>er 
was extremelj thin '\fter completion of the excision there remained a mucosal cjliiider 
10 cm in length, deprived of its muscular sheath 

Since the vascular supplj of this denuded area was probably insufficient because of 
the ligation of two segmental arteries and the scar formation in the mucosa, it was felt 
that the denuded area should be covered by viable tissue Therefore, the adjacent upper 
segment of the lower lobe was mobilized and wrapped around this portion of the 
esophagus A complete cover was thus obtained The lung was fastened to the muscular 
sheath of the esophagus above and below the defect, in a manner demonstrated in the 
illustrations (Fig 3) The phrenic nerve was crushed above the diaphragm, a rubber 
catheter inserted through a separate stab wound in the 9th intercostal space and the 
incision of the chest wall closed in layers Microscopic examination of the specimen 
(Fig 4) revealed leiomyoma 

Recoverj' was complicated b> bronchitis and bronchopneumonia There were at no 
time signs or sjmptoms of pleural or mediastinal infection The intercostal dram wa- 
removed on the 3rd postoperative day and the sutures on the roth day _ 

* Submitted for publication, Ma>, 1948 
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The patient was fed parenterally for the first five postoperabve da>s, after which 
time he w'as permitted to sw’allow small sips of water On the 7th postoperativ'C daj 
soft food was allowed, and on the loth postoperative day, solid food 

Esophagograms taken 3 weeks after the operation revealed a normal delineation of 
tlie esophagus, with some bulging in the area where the tumor was formerly located 
(Fig 5) This may hav'^e been due to the absence of the intrinsic esophageal musculature 
although the patient had no difficulty in swallowing 



Pjc I Large defect of the middle portion of the thoracic 

esophagus 

When seen li (eleven) months aftei operation the patient appeared to be in perfect 
condition An esophagogram taken at this time was essentially the same as the 

previous one 

CoMMENi The choice ot operation in this case was between esopha- 
gectomy and the plastic procedure described above Allowing the denuded 
and poorly vascularized mucosa to remain without proper protection was 
hazardous because of the possibility of necrosis and perforation 
Esophagectomy was deemed inadvisable for the following reasons 

1 The risk of the operation would have been out of proportion to the 
benign character of the lesion 
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2 Roentgen-ray pictures taken previous to the operation re^ealed a 
rather short stomach It seemed questionable whether the entire length 
of the thoracic esophagus could be replaced by the mobilized stomach 



/ 


Fig 2 — Sketch of the leiomyoma in situ 
A Aorta LS Lower Segment of Lower Lobe 

R Recurrent Larjngeal Nerve P Pericardium with Phrenic Nene 

UL Upper Lobe E Esophagus 

US Upper Segment of Lower Lobe C Artena Carotis comm s'vi 

S Artena Subclavia sin 

3 Intrathoracic displacement of the partly devascularized Md 
vated stomach is followed by well known functional disorders These m< 
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be clisiegaicled in the piesence of a caicinoma, but should be taken into 
account if lemoval of a benign lesion is planned 

In musculai oi mucosal defects of the lo2vei esophagus conditions are 
different A pedicled flap taken fiom the diaphragm or a pedicled omental graft 



Fig 3 — Sketch of the operative procedure The denuded portion of the esophagus is 
cov ered b} a pedicled flap of the uppei segment of the lowei lobe of the left lung 



Fig 4 —Photography of the specimen 


brought into the thoiacic cavity thiough a small tiansdiaphragniatic laparot- 
omy can be used to leinfoice the esophageal wall Excision of the lower 
esophagus, which is less hazardous than total esophagectomy may be con- 
sidered 111 these cases However, out of three cases of resection of the lower 
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esophagus foi myoma of the cardio-esophageal region (S W Harrington and 
H J Moersch, B DiclJ and R C Brock^), two died fiom pulmonary com- 
plications Only Brock’s case survived 

Simple excision of a leiomyoma of the lower esophagus w'as first perlormed 
by Sauerbruch'^ in At operation an accidental teai was made into the 

mucosa Since closure of this opening by two layeis of sutures would haie 
effected narrownng of the lumen, Sauerbruch made use of the opening in 
adding an esophagogasti ostomy Additional cases of excision were reported 



Fig 5 — Esophagogram taken 3 weeks after the operation 


by T Ohsawat* in 1933 and b}^ P W Schafer and C F Kittle*’ in 1947 
Schaefer and Kittle found it “necessary to excise an ovoid portion of the e t 
posterolateral w all measuring 3 by 7 cm This defect was closed longitndina \ 
by two rows of interrupted O chromic catgut sutures” In these patients, 
where simple excision of leiom)mma of the lower esophagus was performei, 
recovery w’as uneientful 

Our case appears to be the first surgically treated leiomyoma of the nuf <■ 
portion of the esophagus 
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BUMJURY 

An extensive muscular defect of the middle portion of the thoracic 
esophagus was covered by pedicled flap of lung tissue 
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KUPrUHE OF A SUBPHRENIC ABSCESS 
INTO THE PERICARDIUM^^ 

Norman Christian Meyer, M D 
BnooKLYN, N Y 

I KOM THE DEPARTMENT OF SURGERY, LONG ISLAND COLLEGE OF MEDICINE AND THE SURGICAL SERVICE, 
LONG ISLAND COLLEGE DIVISION KINGS COUNTY HOSPITAL BROOKLYN N Y 

DiRECi EXTENSION OF A subphremc abscess through a peitoration in the 
diaphragm into the pleural cavit}' oi lung is not uncommon, but a similai 
extension into the pericardial sac is apparently raie The following case is 
presented because of its rarity and because it illustiates the occasional undesir- 
able masking of deep seated suppurative processes bv antibiotic and chemo- 
therapeutic drugs 


CASE REPORT 

First Admission A S, a 35-yeai-old, single white male was admitted to Kingb 
County Hospital on October 9, 1946, with a ten-year story of symptoms compatible with 
gastro-duodenal ulceration and a recent sudden attack of severe epigastric pain The 
clinical picture was that of a peifoiated peptic ulcer, and a celiotomy was performed 9 
hours after the onset of symptoms There were found a generalized acute peritonitis, a 
moderate amount of cloudj fluid in the abdominal cavity and a perforation 7 ram in 
diameter on the anterior aspect of the hrst portion of the duodenum An attached tab of 
lesser omental fat was placed into the perforation and held there Yvith three silk sutures 
The latter penetrated all layei s ol the boYvel, Yvhich has been the usual method of closing 
large ulcers on this service A.s much as possible of the free fluid was aspirated from 
the abdomen and the wound was closed without drainage 

The postoperative course was stoimy and consisted of the following peitmcnt 
leatures There was abdominal distention for the hrst 14 postoperative days A rectal 
examination on the 12th day revealed a pelvic mass A 1 oentgenogram of the chest on 
the 28th postoperative clay demonstrated a moderate pleural effusion at the left base and 
subillumination of the low'er lung field on the right side Four weeks later a second 
roentgenogram revealed almost complete resolution of the pleural effusion as previously 
observed The temperature varied from 100° F to loi" F for the first 28 days, but bad 
subsided to normal by the 33rd day and remained so thereaftei 

In addition to the usual supportue measures the patient was given 3.52O1OOO 
of penicillin during the first 12 days, and 4,800,000 units of penicillin and 132 Gm of 
sulfadiazine from the 28th to the 48th postoperatiY e clai The penicillin was given 
intramuscularly m doses trom 30000 to 50000 units e\ery 3 hours, and the sulfadiazine 
was administered by mouth, 1 Gm eiery 4 hours Fifty-one days after operation tbc 
white blood count was normal whereas it had been eleiated during the penod of 
pyrexia At tins time a rectal examination rei'ealed the pelvic mass to haie resolve 
into a small, non-tender, hard nodulation On the sStli day following operation tie 
patient was discharged to the Out-Patient Department feeling well Subsequently, 
was seen twice and complained of no symptoms relative to the ulcer, the operation or 
sequelae thereof 

Second Admission The patient was readmitted to the hospital at 12 00 noon on 
January 30th, 1947, because of severe chest pain Nine hours pnor to admission 
awakened with a severe pain in the back at the level of the scapula e The pam. w 

♦ Submitted for publication, July, 1948 
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was slightly worse to the left of the midline, was steady and continuous Ihere was also 
noted a less severe, diffuse, sticking pain across the lower chest anteriorly This was 
moderately exaggerated by deep respirations Vomiting of clear fluid occurred several 
times During the week prior to admission he had felt feverish, but there were no chilis, 
and no abdominal pain 

Physical Examination The patient was alert and cooperative, but acutely ill and 
apprehensive There was moderate dilatation of the neck veins and a somewhat dusky 
red color to the skin of the upper chest and neck, but no pallor, cyanosis or jaundice 
were observed The pulse rate was 144 per minute and regular The respiratory rate 
was 36, temperature 105 8° F and the blood pressure was unobtainable The findwgi 
pertaining to the lungs were not remarkable except for an area of increased whispered 
pectoriloquy and bronchial breathing in the right mid-chest posteriorly This was not 
heard several hours later The heart tones were normal but weak The abdomen was 
flat, soft and not tender The old operative scar was well healed, no masses were felt 
and the bowel sounds were normal Digital rectal examination revealed the same 
findings as upon discharge, 8 weeks before The white blood count was 12,000 witli 
66 per cent polymorphonuclear leukocytes 

A plain film of the abdomen demonstrated irregular distention of small bowel and 
some gas within the stomach An upright two meter chest film revealed no evidence ot 
recent pulmonary or pleural disease There were, however, minimal thickening of the 
pleura at both apical regions and a few fibrotic deposits in the supeiior portion of the 
right hilum There w'as no free air under the diaphragm The caidiac contour was 
w'lthm normal limits 

General supportive and symptomatic treatment w'as instituted without beneficial 
response Aspiration of the stomach yielded 500 cc of light yellow fluid During the 
afternoon the Trendelenburg position was instituted in an attempt to mitigate the vasculai 
collapse, but it had to be discontinued because the clinical picture became even more 
alarming The course was rapidly downhill and 8 hours after admission the pulse was no 
longer obtainable Death occurred at 10 00 pm, 10 hours after admission and 19 hours 
after the onset of symptoms 

Neciopsy Examination of the abdominal cavity revealed the spleen to be fixed in 
position by old fibrous adhesions and there were numerous intestinal adhesions, especially 
in the pelvis There w^as no duodenal ulcer and the site of previous repair could not be 
identified by either gross cicatrix or the presence of sutures To the left of the coronary 
and falciform ligaments, on the superior and anterior surface of the left lobe of the 
liver there was an abscess cavity which extended into and through a necrotic portion of 
the diaphragm The cavity, which measured 2 cm in diameter, had a thick fibrous wall 
The abscess did not invade the liver substance nor did it communicate with the pleural 
sac The abscess cavity was continuous, however, through a 2 5 mm perforation m the 
diaphragm, with the pericardial sac The latter contained about 350 cc of grayish 
yellow pus and many recent fibrinous adhesions The heart and great vessels were 
otherwise normal Cultures of the pus from the abscess cavity grew hemolytic 
stahyhcoccus aureus and eschenchia coh Death was believed to have been caused by a 
fulminating suppurative pericarditis and cardiac tamponade 

COMMENT 

In a limited review of the literature one other case of direct extension into 
the pericardium of a subphrenic abscess complicating a gastroduodenal per- 
foration was found Graves/ in 1863, described the perforation into the 
pericardial sac of an “hepatic” abscess, which was in direct continuity with the 
lumen of the stomach through a perforated gastric ulcer Several cases of 
rupture of a gastric ulcer directlv into the pericardium nr heart itself have 
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l>een recorded •* Cabot^ reported one case of a pericardial perforation by a 
subphrenic abscess following biliary tract disease Numerous writers have 
recorded isolated cases wherein an amoebic abscess of the liver extended into 
the subphrenic^ space and finally eroded through the diaphragm into the 
pericardial sac The latter condition is also discussed m various 

texts on tropical diseases This complication is very rare, how ever, 

because it has always follow'ed an abscess in the left hepatic lobe, wdncli in 
itself is uncommon 

In none of the reported cases leviewed, except those with pneumoperi- 
cardium, was the diagnosis made clinically To make this diagnosis Fontan''* 
has stated that one must have “an apprehensive patient complaining of left 
scapular, precordial and epigastric pain, decreased heart tones, a pericardial 
friction rub , and -a sagacious observer ’ The clinical picture of acute pericar- 
ditis IS not unlike that of myocardial infarction and the latter w as considered in 
the differential diagnosis of the presented case If one thinks of pericarditis 
however, the differential diagnosis can be made, as has been adequately dis- 
cussed elsewhere When there are superimposed the signs of cardiac 
tamponade, 7 ^ , a “very weak heart,” venous and capillary engorgement of the 
upper chest and neck, and aggravation of s}unptoms by the Trendelenburg 
position, the diagnosis should become apparent, especially m a patient with a 
history of antecedent subphrenic inflammation When air is present in the 
pericardial sac the physical findings are unique These have been recenth 
discussed by H Willy Meyer In retrospect, it is believed that the diagnosis 
should have been strongly suspected in the presented case and that an explor- 
atory pericardiotomy was indicated Possibly this would have been life saving 

Another factor wdiich may have altered the end result w^as the use of 
antibiotic and chemotherapeutic drugs in an attempt to control the infection 
during the first admission Ochsnei and Giaves^’’ and Ochsner and DeBakey'" 
have stated that the majority of subphrenic “infections” subside spontaiieoush 
Furthermore it has been postulated from bactenologic studies,^® that the use 
of chemotherapy should reduce the mortality of gastroduodenal perforation 
In this case, a subphrenic abscess w'as suspected on the 28th postoperative day 
The seemingly satisfactory clinical response to penicillin and sulfadiazine 
masked the underlying suppurative process , therefore surgical exploration was 
no longer entertained If these drugs had not been used the abscess probabh 
would have been evacuated surgically^ thereby obviating the lethal sequela 
It is suggested that m the future one must continue to be watchful for occult 
abscesses even though the patient apparently responds w^ell to cfiemotfierapi 
as evidenced by the visual clinical signs 

Thanks is expressed to Di Phillips F Greene, Associate Dean, Long Island College 
of Medicine, for his aid m accumulating the bibhographj' 
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INTRAPAROTID SEBACEOUS GLANDS* 

C Marsh AL ii Lee, Jr , M D 

Ashevili-e, N C 

FROM THE SURGICAL SERVICE OF THE NORBURN HOSPITAL AND CLINIC 

The origin or mixed iumors of the salivary glands has been disputed 
since the tumor nas first described about 95 years ago The term "mixed 
tumor” is based on the piesence in such tumois of paienchymal tissues which 
are morphologically epithelial, and a chondromyxoinatous stroma, the appear- 
ance of which indicates a mesodermal origin Until fairly recently the con- 
troversy centeied primarily in the conception that the tumors must arise 111 
either one geim layer or the other — that they must be either mesothelial or 
epithelial in origin One school advanced the theoiy that they might be 
endothelial in origin Paget, Virchow, Billroth, Robin and otheis contributed 
to the literature of the subject in their time More lecently Enmg maintained 
that the tumors aie derived fiom sahvaiy ejNthehum nliicli, letaming the 
powei to seciet ptyahn and mucus, tiansfoims the collagenous connective 
tissue sti oma into mucoid tissue and finally into cai tilage 01 pseudo-cartilage ’ 
However, since new' giowths morphologicall)' similar to mixed tumors of the 
salivary glands occur in the skin, mucous membianes, lungs, and in glands 
other than the sahvaiy glands (such as the bieast) the action of ptyahn and 
mucus secreting cells in pioducing them is not an entiiely satisfacton 
explanation 

The vaiiOLis theoiies regaiding tl ese tumois have been summaii-jed In 
Hemplemann and Womack^ who have studied the tumors exhaustneiy bj 
histocheinical methods Using technics first developed by Hemplemann the\ 
were able to demonstiate specific mesenchymal and epithelial mucoids or 
mucoproteins and conclude that both basic tissues contribute to the develop- 
ment of mixed tumois Their work offeis strong confirmation of this concep- 
tion which has been expi essed by many recent writers and they point out that 
“In line with embryologic evidence, the buccal ectoderm of the sahvarj' gland 
anlage probably affects the sui rounding buccal mesoderm In turn, the differ- 
entiation and development of the ectoderm is probably influenced by the 
buccal mesoderm ” 

Ramsay,^ in discussing a constant epithelial rest knowm as the ' Oigan 0 
Chievitz” arising in close 1 elation to the embiymnic parotid gland comments 
that “the ultimate fate of such an epithelial structui e w Inch becomes embedde 
in the surrounding tissue (mesenchyme) rests upon the early vascular an 
mechanical relations into w Inch it is introduced If favorable conditions are 
met 111 the developmental epoch of such an “inclusion” its fate might be quite 
different from that of a non-adaptive and passive existence ” 

A case recently seen in this Clinic is of some int erest in this connection ^ 

* Submitted for publication, July, 1948 
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CASE REPORT 

The patient, B H , was a 15-year-oId boy who came to the Clinic December 27, 1947, 
complaining of an unsightly tumor on the left side of the face, just in front of the left ear 
He had first observed it about a month previously It had always been entirely painless 
and had grown very little since he first noticed it He suffered from a rather severe acne 
vulgaris of the face, neck and shoulders and there was obvious overactivity of the 
sebaceous glands of his skin He had thought that the lesion was a "wen” and paid 
little attention to it until it gradually became large enough to become unsightly 

Examination showed a hard, non-tender tumor i 0 cm in diameter about 2 cm 



Fig I — Photomicrograph of a section of the parotid gland showing well 
differentiated sebaceous glands within the parenchyma These heterotopic 
glands were quite numerous, but rather widely scattered so that only two 
are seen in the illustration 

anterior to the tragus of the left ear The skin was not adlierent over any part of the 
lesion and palpation suggested that it lay in the parotid gland There were numerous acne 
pustules and scars ovei the face and forehead and small sebaceous cysts about the ear 
The following da\ the tumor was removed under local anesthesia under a diagnosis 
of mixed tumor of the parotid gland It was found to he within the parenchj ma of the 
gland, and although it was well encapsulated and was dissected out, a portion of the 
overlying parotid gland was removed with it The w'ound healed uneventfully and the 
sutures were remo\ed on the fourth postoperative day There has been no recurrence to 
date (six months) Grossly the tumor was compatible with a mixed tumor On micro- 
scopic examination, however, the mam tumor mass proved to be the parotid Ijmph node 
in a state of hyperplasia Interest centered in the fragment of parotid gland which had 
been removed with it Scattered through the gland parenchj ma were numerous hetero- 
topic sebaceous glands (Figs i and 2) These sebaceous glands were multiple and well 
differentiated and scattered diffuseh through a considerable portion of the section In 
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some the appearance of the glands suggested that they might be developing from intra- 
lobular ducts of the parotid gland, although this appearance might be attributed to the 
angle and level through which the section chanced to pass There was a diffuse round 
cell infiltration of the paiotid gland itself suggesting a chronic inflammatory process 

Only one compaiable case has been discovered m a review of the available 
literature This tvas reported by Hartz^ in 1946 and he had been unable to 
find a similar case m the literature up to that time Ramsay'"' states that the 
parotid anlage arises from the sulcus buccahs just back of the .ingle of tin 
mouth after a ceitain amount of reduction m the oral cleft has taken place 



Fig 2 — Higher magnification of one of the sebaceous glands seen in Figure i 


giving opportunity foi inclusion in the parotid bud of internally displaced 
epidermal material Foi this leason the parotid gland would be expected to 
contain such elements as this case shows, m much greatei frequency tiiaii 
would the organ of Chievitz since the latter aiises from the buccal sulcus 
deeper (internally) than the paiotid 

Moorhead,® in presenting a senes of mixed tumors of the skin, supports 
the now' w'ldely accepted view' that mixed tumors arising in the skin, breast^ 
salivary glands and other tissues are histogenetically similar He 
that “mixed tumors — arise from pluripotential misplaced ectodermal ce 
w'hich under proper conditions exert then property to differentiate into rariom 
structures normalh derived from ectoderm ’’ The connective tissue ( i oren 
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nations, that is the chondromyxomatous stroma, \\ould coi respmidingly aiise 
from the provocative action of abnormal connective tissue cells 

COMiCENT 

It would appear from the eMdence here presented that well differentiated 
heterotopic holocrine glands probably appear m the otherw ise noi mal sahvar} 
gland more often than w ould generall} be suspected That they ha^ e escaped 
attention is probabl} due to the fact that biops} of the gland, except m cases of 
existing tumors is seldom indicated If such is the case, the presence of these 
structures lends suppoit to the opinion expressed b} jMooihead that “mixed 
tumors of the skin the salnar) glands and the breast arise fiom abnormal 
epithelial cells w Inch haA e similar developmental potentialities and w Inch exert 
apro\ocatne action on the mesodeim, resulting m the formation of heteiotopic 
tissues of ^arlous t}pes ’’ 


bUAmVRl 

A case is presented m wdnch multiple well differentiated sebaceous glands 
are demonstrated wuthm the parenchyma of the parotid gland 

The possible relationship of such structures to the origin of so-called 
“mixed tumors” is suggested 
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CERTAIN ANATOMIC FACTORS RELATED TO THE 
PATHOGENESIS OF HEMORRHOIDS* 

THE author’s “obliterative SUTURE” IN THE TREATMENT OF THI 
SMALL A,ND MIDDLE-SIZED INTERNAL HEMORRHOIDS* 

Harri J Fournier, M D 

Chicago, III 

PROM THE UNIVERSITY OP ILLINOIS COLLtGC 01 MIDICINL 

By definiiion, hemorrhoids are venous dilatations or varices ot the veins 
of the lower rectum and the anal canal The appeal ance of this varicose condi- 
tion seems to be closel}'’ related to the following six anatomic factors, existing 
m the anorectal region 

1 Absence of venous valves and lack of muscular or fascia! support of the 
hemorrhoidal plexus 

2 Extreme looseness of the sub-mucous connective tissue rendering the 
effect of gravity paiticularly harmful in the sitting and standing postures It 
IS noteworth} that quadiupeds are almost free from hemorrhoids, as in them 
this region does not suffer from the results of gravity 

3 The passage of the tributaries of the superior hemorrhoidal vein directly 
through the musculai wall of the lectum (See Figs No i and 2) about 
yYi cm above the anus, causing intermittent constriction of the veins at 
that point 

4 The communication of the superior hemoiihoidal vein (carrying most 
of the blood) with the inferior mesenteiic vein, and thus with the portal 
system, which is subject to periodic physiologic congestion (as during diges- 
tion) and to frequent pathologic obstructions (liver cirrhosis, abdonimal 
tumors, pregnancies, and other causes leading to portal hypertension) 

5 The plexiform anastomoses just wuthin the anus between the inferior 
and middle and the superioi hemorrhoidal tributaries so that the former, 
although connected with the systemic circulation are subject to dilatation as 
result of portal congestion 

6 The relation of the hemorrhoidal veins and of the terminal branches of 
the infenoi mesenteric veins to the fecal contents of tlie sigmoid and rectum 
exposing them to frequent pressui e 

In evaluating the above six anatomic factors, one cannot help but attach 
most significance, as far as the pathogenesis of hemorrhoids from an anatomic 
point of view is concerned, to the lack of fascial support of the veins and to t le 
looseness of the submucous connective tissue of the anorectal region 

The other factors follow^ closelyq adding each one of them their w'eight to 
the appearance of the anal varicosities 

From the above, one may rightfully conclude that at least small and me mm 
sized internal h emorrhoids, especially the flat \ariet} could be treated 

* Submitted for publication, September, 1948 
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fmuart itn', 

lively b} a continuous oi inteirupted “obliterative suture (double o chromic 
catgut), which embracing all the dilated veins (See Figs No 4 and 5), not 
only “obhteiates” them but fixes them as uell through the production of dense 
connective tissue to the rectal wall 



Fig 3 — Frontal section of the rectum showing the 
development of hemorrhoids in an extremely loose sub- 
mucosa (Legends same as m Fig 1 ) 



Fig 4 — Frontal section of the rectum showing the 
application of the ‘‘Obliterative Suture” which at the same 
time IS a fixative one Note the simplicity of its apuhca- 
tion and the good results in collapsing the varicose veins 
and fixing the mucosa to the muscular layer > 

This “obliterative suture” simplifies astonishingly the treatment 
hemorrhoids, which could not be easily clamped, excised, and hgated, tie 
their diminution during the dilatation of the rectum with rectal retractors 
Equally amenable to this treatment are those internal hemorrhoids t la 
between excised and ligated masses where one hesitates to remoie am trio 
rectal mucosa for fear of undue trauma and hemonhage 
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Figures 4 and 5 show in a semi-schemati«- way how the anoiectal region 
would look after the application of this “obliterative suture” 

TECHNIC 

After the hemoirhoidal mass has been identified, one starts suturing its 
upper part (using an atraumatic cm ved needle, threaded with double o chromic 
catgut) transfixing its entire thickness b} passing the needle from side to side 

In so doing, the needle should go deep enough to embrace slightly the 
muscular coat of the rectum so that, when one tightens the thiead over the mass, 
the entire hemoi rhoidal plexus of that area should be obliterated and fixed to 
the rectal w all 

After this first suture, wdiich reives toi anchorage, one proceeds to suture 
the entire mass in a continuous fashion, using the same needle threaded wnth 


|C4.' iLL 



Fig 5— Showing the application of the “Obliterative Suture” 
in three hemorrhoidal masses One hemorrhoid is still in process of 
being obliterated and fixed 


the same catgut The needle should pass trom side to side as w as done in the 
beginning of the suture and the distance between the following ones (usually 
3-4 mm) should be such as to allow a complete “obliteration” of the entire 
hemorrhoidal mass after tightening the thread (See Figs 4 and 5) 

One should end this continuous suture at this point, making a knot with the 
thread or if one wishes to add more secure “obliteration” one may continue in 
an ascending fashion to reach the starting point, w here the thread is secured 
and its ends cut (See again Figs 4 and 5) 

suani/VKY 

Certain anatomic factors. have been mentioned which are related to the 
pathogenesis of anorectal varicosities and an “obliteratne suture" has been 
proposed to deal with small and medium-sired internal hemorrhoids This 
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EXPERIMENTAL RECONSTRUCTION OF CARDIAC VALVES 
BY VENOUS AND PERICARDIAL GRAFTS^f 

John Y Templeton, III, M D and John H Gibbon, Jr , M D 

E-ROM THr DEPARTMENT OF SURGICAL RESFARCH JEFFFRSON MEDICAL COLI FGE 
PHILADFl PHI \ PENNST LVAN' V 

Recent de\ elopaienis ih the surgical treatment ot congenital caidiovas- 
cular disease'’’ and in improving the blood supply to the heart by 

operative means^’ have stimulated inteiest in the surgical attack on other 
cardiac lesions Despite the recent report of successful incision of a stenotic 
valve by Smith}^,^^ and the method of closure of septal defects described by 
Murray it seems to us that effective surgical therapj of most mtracardiac 
lesions \N ill requiie operation undei direct vision This is not practical at present 
m man because ot the lack of an adequate method for the extracorporeal 
maintenance of the circulation, with the blood stream excluded fiom the heart 
and lungs In the expeiimental animal, however, intracaidiac operations may 
be performed under direct vision duimg short periods in m Inch both venae cavae 
are clamped With the expectation that eventually a practical method of 
oxygenating large quantities of blood outside the body will permit operation m 
the open human heart, expeiiments Mere undertaken to determine whether 
grafted tissue could be used to replace a poition of a cardiac valve 

Intracaidiac opeiations have been performed without interrupting the cir- 
culation The procedures have been necessarily simple ones Samw’ays'^'* in 
1898 and later Br unton” suggested surgical enlargement of the narrow’ed orifice 
m the treatment of mitral stenosis Since that time many investigators, includ- 
ing Cushing and Branch,^- Bernheim'* and Scheppelmann,^° have experi- 
mentally divided valve leaflets using sharp knives thrust blindly into the heart 
This method has been improved upon by Allen and Graham” w'ho devised a 
cardioscope with an attached knife blade in order to see the structure being 
divided 

Cutler, Levine and Beck^^ constructed a “cardiovalvulotome” and were the 
first to excise a portion of a stenotic mitral vahe in human patients Their 
first patient survived the operation and was apparently impro\ed However, 
m a review of all patients operated upon. Cutler and Beck^^ m 1929 reported 
the deaths of their six later patients and of the single patients of Allen^ and of 
Pribiam'^'^ Souttar’s'*” patient, w’hose mitral valve was dilated digitalh, sur- 

* Submitted for publication, October, 194 S 

- This work was supported In a grant from the Life Insurance Medical Research 
Fund 
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vived , as did the young man w hose aortic valve was dilated by Tnffier ■*- Prior 
to these operations Doyen^® attempted section of the pulmonaiy valve in a case 
of congenital pulmonary stenosis with a fatal result 

Early investigators m this field were handicapped by their inabilit) to 
produce m experimental animals chronic valvular lesions similar to those seen 
m man This difficulty was overcome by Powers and his associates®® 
who produced endocarditis by repeatedly damaging the valves of dogs with 
the electrocautery and injecting streptococci into the bloodstream The sui- 
viving animals developed valve lesions closely resembling those seen in rheu- 
matic human hearts Five dogs, wnth mitral stenosis produced in this inannei, 
w^ere operated upon A portion of the mitral valve w'as removed with tlie 
cardiovalvulotome of Cutler and Beck All died of cardiac failure wnthiii nine 


days of operation 

Recently Harken-®' has been successful in establishing subacute bacteiiai 
endocarditis m dogs He has also developed an improved cardioscope Cohn'® 
produced mterauricular septal defects in dogs and latei succeeded in closing 
them Smithy and Parker®® incised aortic leaflets thi ough the w-all of the aorta 
None of these operators interrupted the cnculation 

Other investigators have interrupted the circulation and performed iiitra- 
cardiac operations under direct vision Following SauerbruclTs®’’ description 
of his method of compressing the base of the heart to control hemorrhage in 
the surgical treatment of cardiac wounds, Haecker®® in 1907, reported a series 
of operations wuthin the heaits of dogs whose venae cavae w'ere occluded 
Can el and Tuffier®' clamped the base of the heart in some of their fasci- 
nating experiments O’Shaughnessy-® attempted to piolong the period of 
circulatory arrest by perfusing the heads of his animals with a solution of 
hemoglobin Bjork" w'orking in Crafoord’s laboratory has recently reported tlie 
successtul pertusion of dogs' brains wnth oxygenated blood while both venae 
cavae were clamped The expei iments were performed undei sterile conditions 
Under these conditions the dogs survived, in good health, periods of occlusion 
as long as thirty-three minutes Shaw and his associates®” produced insufifi- 
ciency and stenosis of valves on both sides of the heart in a large series of dogs 
whose cavae w'ere temporarily occluded In addition to operating w'ltli tlie 
venae cavae clamped, Fauteux'” performed some experiments in which the 
pulmonary arterj w'as clamped and the left heart opened Gibbon'® has per- 
fused, under sterile conditions, the entire bodies of cats w ith oxygenated blood 
while the pulmonary arterj' was clamped Prolonged survival in good health 
was reported following a period of occlusion of the pulmonary arterv U' 
20 minutes 


Since w'e desired to operate within the open heart, under direct vision 
preliminary experiments'" were performed to determine how long dogs cou 
tolerate simultaneous clamping of both venae cavae Clamping up to nine mm 
utes produced no clinical evidence of permanent neurologic damage and tit 


mortality rate was minimal 

The work of several earlier investigators was helpful in choosing tissue 
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suitable for use as grafts Jeger-’^ formed valves in vein transplants in the dog 
by suturing the invaginated wall of the vein in such a w ay that t\\ o flaps were 
formed One of these valves was patent and competent fourteen days after 
being placed in the carotid artery In 1930, Wilson*'’ reported placing strips 
of pericardium, tendon and fascia across the mitral orifice to produce stenosis 
The pericardial strips remained viable and did not give rise to thrombus 
formation Later Gordon Murray-" threaded segments of vein which had been 



Fig I — Above Resection of the ^alve cusp and papillary muscle 
Below Temporary closure of the auricular incision 

turned inside out acioss the left Aentncle to repaii defects m the mitral vahe 
made b} the cardiovalvulotome T\\o animals suivned t\ithout evidence of 
cardiac decompensation These repoits suggested that eithei vein or peri- 
cardium might be suitable as a replacement for a cardiac vahe Grafts of 
potentially viable tissue ere thought to be preferable to foreign material such 
as the ingenious methyl methacrylate valves placed m the aorta by Campbell 
The following technic was theiefore de\ eloped to allow resection of a portion 
of the tricuspid vah e and its replacement w ith a graft of \ ein or pericardium 

TECirvir 

Dogs were anesthetized with nembutal 25 mg pei Kg boch weight intra- 
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\enously Air was administered endoti acheally undei intermittent posituc 
pressure The right pleural cavity w'as entered through the bed of the resected 
lourth rib Both venae cavae w^ere isolated and the azygos vein A\as ligated 
and divided or temporarily clamped The pericardium was opened wideh 
tind tw'o fine silk stay sutures placed m the wall of the right auricle 

P>ulldog clamps w^ere applied to both cavae completely occluding them ‘Xii 
incision about three centimeters long extending into the auricular process was 
made m the right auricle parallel to the annulus fibrosus Very little bleeding 
occui 1 ed Under direct vision the papillary muscle attached to the right cusp 
of the tricuspid valve was grasped and divided With traction on the divided 
papillaiv muscle the right cusp was drawn into the auricle and divided along 
Its liase where it is attached to the wall of the heart (Fig i) 

Saline solution w'as poured into the heart and the auricular incision quickh 
closed w ith a noncrushing Crafoord clamp The bulldog clamps were removed 
trom the cavae, re-establishmg the circulation The incision in the auricle w’as 
temporal ily closed b} a continuous suture and the Crafoord clamp removed 
(Fig I) 

The graft w as then prepared If a vein was to be used, a generous segment 
ot the azygos, with the supreme intercostal vein attached, w^as removed and 
pinned to a moistened cloth-covered board The adventitia was stripped awa\ 
and the vein turned inside out forming a T-shaped graft covered with vascular 
endothelium The azygos vein formed the leaflet of the graft and the supreme 
intercostal vein the chorda tendinea To prevent the graft from filling with 
blood, the open ends of the vein w'ere closed wuth fine silk Medium silk sutures 
w ei e placed m the graft and tied after which they were again carried through 
the graft in ordei to approximate the graft directly to the endocardium Usuall} 
three sutuies w^ere placed at the leaflet base and one at the apex of the chorda 
tendinea T o prevent ruptui e of the chorda the suture at its tip was continuous 
w'lth the center suture at the base of the valve The basal sutures w'ere threaded 
through half circle round pointed needles and the apical suture through a long 
straight needle The base of the graft was then transfixed with another long 
straight needle to permit it to be handled conveniently 

When pericardium was used, a portion, free from fat, wms resected and 
trimmed to the desired size and shape on the board (Fig 2, top) The suture 
and needle arrangement was the same as that described for the veins except 
that five sutures were placed at the base of the graft instead of three Some- 
times grafts of other shapes w^ere prepared Both venous and pericardial graft'' 
W’lth tw'o chordae tendineae have been successfully implanted The preparation 
of the graft required about 45 minutes During this time the heart cou f 
recover from the effects of the first circulatory interruption 

The Crafoord clamp w’as then replaced on the auricle and the temporan 
suture in the auricular w'ound w’as removed The cavae were reclamped an ^ 
the Crafoord clamp removed, again exposing the interior of the right sic e 0 
the heart The long straight needle attached to the suture m the 
tendinea of the graft w as passed into the base of the resected t apiUary niu-C 
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through the interventricular septum and out near the apex of the heart 1 his 
suture was tightened and the graft jnoved down near the auricular incision and 
held there on its supporting needle by the assistant (Fig 2A) The needles 
threaded through the sutures attached to the base of the graft were then 



Fic 2 — 4bovc Pcncaidial graft with attached sutures and needles 

Below (A ) Apical suture placed through stump of papillarj muscle, intcr\entriLiilai 
septum, and apex of heart 

(B) Basal sutures placed through annulus hbrosus 

(C) Auricular incision closed Basal sutures tied 

passed through the annulus fibrosus from within outwards While ti action 
was made on all sutures the supporting needle was remoxed and the gralt 
pulled into position (Fig 2B) The right heart was filled with saline contain- 
ing a few' niinini'; of a 1 1.000 solution oi epinephrine Indiochloride Tin 
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Crafoord clamp \\ab replaced closing the auricular incision and the caial 
clamps removed When necessary an additional mtracardiac injection of o 3 cc 
of epinephrine solution \\as given and gentle cardiac massage instituted until 
strong contractions ensued A continuous suture of fine silk was used to close 
the auricular incision 

The sutures holding tiie base of the graft were then secured by tying cacli 
one to another suture placed through the cardiac tissues at its point of exit 
from the wall of the heart (Fig 2C) The apical suture was secured in similar 
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Table 

r 

Time of 
Death 
Days 

Time of 
Sacrifice 
Da>s 

Duration of 
Surviv al 
Months 

Remarks 

Venou-; Grafts 




1 

0 



Ventricular fibrillation 

1 



11 

Living and well 

3 

9 



Pericarditis 

■1 


22 


Living and well at time of sacrifice 

5 

0 



Ventricular fibrillation 

7 

0 



Ventricular fibrillation 

8 


4 


Severe neurological damage 

9 

0 



Ventricular fibrillation 

10 



9 

Living and well 

Pericardial Grafts 




11 


6 


Severe neurologic damage 

12 

32 



Infection about graft sutures 

14 

0 



Ventricular fibrdlation 

16 

I 



Ventricular fibrillation 

17 

28 - 



Distemper 

23 

0 



Ventricular fibrillation 

25 


3 


Severe neurologic damage 

26 



8 

Living and well 

29 



8 

Living and well 

30 



7 

Living and well 

Control 





19 


30 


Living and well at time of sacrifice 

20 


37 


Living and well at time of sacrifice 

21 


40 


Lning and well at time of sacrifice 

22 


39 


Living and well at time of sacrifice 

24 



8 

Living marked ascites 


fashion Care was taken to avoid injury to the coronary vessels The peri- 
cardium was left partially open and the chest w'all closed One hundred thou- 
sand units of penicillin w^ere placed in the pleural cavity and the same amount 
guen intra\ enously No anticoagulants were used 

The manipulations during the time the cavae were clamped were carried 
out as quick!} as possible and every precaution was taken to avoid an} tech- 
nical error which might unduly prolong the time of circulatory interruption 
In most of the operations adequate time w'as available to allow careful placing 
of sutures Time required to resect a cusp of the valve averaged three minutes 
w hile suturing the graft in place took an average of six minutes 

In five control animals a leaflet of the tricuspid valve w’as resected as 
described abo\ e wnthout replacement by a graft 
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RESULTS 

The operation was performed on 19 dogs ^\lth the results shoun m Table I 
Six animals died at operation of ventricular fibrillation One died the first 
postoperative day following successful defibrillation with electric current Two 
animals died of infection on the ninth and 32d days respectively Three 
animals, with evidence of severe damage to the central nervous system, ^^ere 
sacrificed during the first week 

Seven animals were living and well three weeks after the operation 
One of these was sacrificed on the 22d day and one died of distemper on the 
28th day Five dogs sunnved from seven to eleven months after opeiation 
They are apparently in good condition without evidence of circulator} 
impairment 



Fig 3 — (A) Venous graft at completion of operation (B) Resected portion of 

tricuspid valve 

The hearts of dogs that died at opeiation were examined to determine 
w bethel the giafts were pioperly placed The other specimens, three venous 
and five pel icai dial grafts, were obtained at autopsy from one to 32 da}s 
aftei operation 

At autops} none of the animals showed any gross evidence of circulator} 
failure Intiapleural adhesions were present to a moderate degree The peri- 
cardium was always adheient to the heart at the site of the auricular suture and 
there were usual!} a few adhesions to the surface of the heart elsewhere The 
lung was fiequeiitly adherent to the heart where the pericardium had been 
removed The auiicular wounds and the sites of excision of the Mhe and 
papillary muscle were unifornil} clean and free of thrombus formation except 
for one specimen in wdiich a small, firm, dense!} adherent thrombus was present 
at one end of the auricular wound 

Specimens of grafted \eins were obtained on the fourth, ninth and 22d po^t- 
opeiatne daAS In e\ei\ case the endothelial surface of the graft was sniooih 
shill} and fiee of clots Two grafts ^\erc well placed and firmh adherent at all 
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points of suture In the other specimen the sutures had not been pulled up 
snugly and the graft uas suspended free in the ventricular cavit} When 
these grafts ueie placed in the heart thej were flat and thin and resembled 
closely in appearance the normal valve cusp At autopsy they were found to 
be swollen and thickened wnth resumption of their original rounded cross- 
section Also no reinforcing suture had been placed through that part of the 

A B 



C D 


Fig 4 — (A) Venous graft on twenty-second day (B) Resected portion of tncu'pici 
\al\e (C) High power photomicrograph of surface of graft (D) Low power photo- 
micrograph, showing rounded cross-section of the graft wuth blood lessels in central 
portion 

graft foimmg the choida tendmea in these three animals and luptuic of the 
chorda had occurred in each case 

The microscopic sections confirmed the absence of thrombi in all thut 
specimens Union of the grafts to the heart wall w'as by firm fibrous tissue 
The normal structuies of the ^eln wall were seen in the four-day specimen 
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That obtained on the ninth day, showed evidence of an acute pancarditis ith 
many bacteria and inflammatory cells present throughout the graft itself and 
all layers of the heart wall There was no evidence of necrosis or inflammation 
in the 22-day specimen Its rounded cross-section was filled with fibrous 
tissue containing many blood vessels The appearance of these venous grafts 
at the end of the operation and after 22 days is illustrated in Figures 3 and 4 
Five specimens of pericardial grafts were obtained from the first to the 
32d postoperative day These grafts were all well placed and securely attached 
at all points of suture The first and sixth day specimens were covered in pai t 
by a thin layer of thrombus more pronounced at the base, and the third da\ 
graft had a large white clot densely adherent to the ventricular surface 



A B 

Fio 5 — (A) Pericardial graft at completion of operation (B) Resected portion of 

tricuspid vahe 


Of particular interest ^\as the appearance of the 28-day giaft Although 
several times thicker than at the tune of implantation it w as quite flexible and 
gave eveiy indication of having been functional Its covering blended impei- 
ceptibly %Mth the endocardium at the points of attachment and the free edge'' 
were rounded and smooth Microscopically there weie no thioinhi and the 
covering was similai to the adjacent endocardium The bodj of the graft 
appeared to consist of fibious tissue containing a few thm-walled blood ie'?sels 
The heart of the animal that died on the 32d daj show ed evidence of '-ex ere 
localised infection with small abscess formation about each of the ‘sutures m the 
graft The graft itself was thick, nodular, and ver\ firm and rigid In the 
microscopic sections peiicaiditis and im'ocarditis weie exident with areas of 
inflammation and necrosis sui rounding the suture in the central puition of tin 
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graft Photographs of pericardial grafts, obtained at intervals after operation, 
appear m Figures 5, 6 and 7 

The five animals used as controls all survived the operation of tricuspid 
resection Four of them were sacrificed during the seventh week, at whicli time 

A B 


P- 



<1 



C D 

Fig 6 — (A) Pericardial graft on sixth daj (B) Resected portrm of tricuspitf 
valve (C) Lou power photomicrograph at edge of graft (D) High pov er photomicro 
graph showing thin la}er of thrombus on surface of graft 

they were apparent^ well without evidence of cardiac decompensation At 
autopsy It was found that from one-third to one-half of the tricuspid tahe 
had been resected The fifth animal is still living, but marked ascites developet 
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approximately two months postoperatively, without other eMdence of circu- 
latory failure 

An attempt to evaluate the function of the grafts was made by contrasting 
the clinical findings in the seven grafted animals, who survived over three 
weeks without evidence of infection, with the findings in the controls In 


A B 



C D 


7 (\) Pencdrchal graft on twcntj -eighth da\ (B) Rtbcclcd portion of 

tricuspid \aUe (C) Low power photomicrograph at site of attachment to heart wall 
(D) High power photomicrograph showing smooth surface free of thrombus 

keeping with previous repniv of tncubpid lesions in dogs " onl} one annual 
the control dog wdio dc\ eloped ascites, showed cMdence of circulator} failure 
Venous pressures weie not significantly cletated in either the grafted or 

control animals 

The results of deetrocardiogiaphic and phonocardiographic studies 
together with notes on mm nuns and thrilK are shown in Table IT All the 
control group had ])iommtnt sestohe nmrnitirs confirmed In phonocardio- 
irram and marked scstolu thrills Electrocardiograms m the control group 
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were normal m two animals, revealed transient pericarditis in two, and earh 
right ventricular strain in one 

All three animals wath venous giatts had s}'stolic murmurs of faint to mod 
erate intensity but no systolic thrill The murmurs were recorded by phono- 
cardiograms in tw'o of these animals Electrocardiograms in the same two 
animals were normal In the third animal (Fig 4) separation of the chorda 
tendinea from the leaflet of the graft was found at autopsy To prevent this 
occurrence the reinforcing suture was placed through the choidae of the later 
grafts including Experiment lO No such suture w^as used in Experiment 2 
whose chorda tendinea may also be torn 

Three of the four animals with pericardial grafts had no murmur at all 
and the fourth had a very soft systolic murmur Pbonocai diograms confirmed 


Table II — Animals Siiivwing Ovei Thtcc Weeks WifJwnt Jufeciwii 


r xpen 
merit 

Survival 

Murmur 

Thrill 

Electrocardiogram 

Phonocard ograni 

Venous Grafts 

2 Li\ mg 

Short svstolic 

None 

Normal 

Confirms murmur 

4 

VO 

Sacrifice 22 davs 
Living 

Faint s> stohe 
Medium svstolic 

None 

None 

Normal 

Confirms murmur 

Pericardial Grafts 

1 7 Death 28 davs 
Distemper 

26 Li\mg 

None 

Soft systolic 

None 

None 

Normal 

Confirms murmur 

29 

Living 

None 

None 

Transient pericarditis 

Confirms absence ot 

30 

Living 

None 

None 

and r ght ventricu 
lar strain 

My ocardial infarct 

murmur 

Confirms absence of 

Control 

19 

Sacrifice 36 day-. 

Loud svstolic 

Marked systolic 

Right ventricular 

murmur 

Confirms murmur 

20 

Sacrifice 37 days 

Moderate 

Marked systolic 

strain 

Transient pericarditis 

Confirms murmur 

21 

Sacrifice 40 daj s 

systolic 

Very loud 

Very marked 

Transient pericarditis 

Confirms murmur 

22 

Sacrifice 39 days 

sj stolic 

Very loud 

systolic 

Marked systolic 

Norma] 

Confirms murmur 

24 

Liv mg ascites 

systolic 

Moderate 

Marked systolic 

Normal 

Confirms murmur 



systolic 





these findings In Figuie 8 phonocardiograms aie repioduced from a noniMl 
dog, from a t\pical control animal with tricuspid resection alone and from 
two dogs with pericardial grafts but without murmurs or thrills There were 
no palpable thrills in any of the four animals Electrocardiograms w ere normal 
in one dog, showed transient right Ai-entricular strain and peiicarditis m 
anothei and mtocardial infarction in a third This infaict could hat'e resulted 
from damage to the right coronary artery by a suture, or by the electric shocks 
used to treat tentncular fibrillation at operation since one of the electrodes 
was found to be improperly padded 

DISCUSSION 

Tlic disad\ antages inhcient in an\ technic m which complete interruption 
ot the circulation is necessari have been emphasized by other authors * 
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The large number of deaths from ventricular fibrillation in our series and the 
occurrence of severe neurologic damage m three animals indicate that these 
disadvantages have not been overcome In spite of this it has been possible to 
replace the resected portion of a cardiac valve with a graft sutured under 
direct vision 

Morphologically the pericardial grafts appear to be bettei than the venous 
grafts Although covered with vascular endothelium and free of thrombi the 
veins tended to become swollen and revert to their original round cross-section 
losing the valve-hke shape which they had at the time of opeiation The peri- 
cardial grafts, on the other hand, remained thin and flexible and appeared to 
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Fig 8 — Phonocardiograms 

A Control dog with resection alone (Experiment 19) 

B Pericardial graft (Experiment 30) (The blurring of the 
graphic record m tw'o places is due to respirator} movements ) 

C Pericardial graft (Experiment 29) 

D Normal dog 

meet the moiphologic lequirements for functional valves The eaily specimens 
had a thin layer of thrombus formation and m one specimen a large clot was 
present The late specimens were only slightly thickened and had a smooth 
shiny suiface 

Clinically the pericardial giafts also gate better results Three of four dogs 
had no murmur and tin ill, one to eight months after operation In contrast 
the dogs with venous grafts all had systolic murmurs and the control dogs 
without grafts had mai ked murmurs and thrill and one developed ascites 

A temporal}' extracorporeal circulation should greatl} reduce the mortaht} 
of intracardiac operations undei direct \ision Deaths from damage to the 
central ner\ous system and from \entricular fibrillation should he ehnnnated, 

173 





TEAIPLETON AND GIBBON 


Annals of Surgcr> 
I cbrtiary 1940 


because of the adequate supply ot oxygenated blood to the cerebral and 
coronar}^ arteries In addition the surgeon should be able to perform more 
meticulous and extensive operations, because he will not be limited to the few 
minutes of circulatory interruption that the brain will tolerate 

SmiMABY 

1 In 19 dogs, a cusp of the tricuspid valve was replaced by a graft of vein 
or pericardium sutured m position under direct vision 

2 Seven of these dogs survived m apparent good health from three w eeks 
to seven months after operation 

3 Specimens of the grafts obtained at autopsy after three Aveeks were 
viable and firmly united to the wall of the heart 

4 In five control animals a portion of the tricuspid valve was resected and 
no graft was used Postoperatively these animals had loud murmurs and 
marked precordial thrills, in contiast to the grafted animals in which there 
were no thrills and faint, or no, murmurs 

5 Anatomically and functionally the pericardium appeared to be more 
suitable than a vein as a source for the giaft 

SUPPLEMENTARY NOTE 

Since submission of this article for publication, changes ha\e occurred in the state of 
the surviving animals Animals 2 and lo (vein grafts) have developed palpable thrills, 
and the murmurs previously heard have increased in intensity Dog to was sacrificed 
The right heart w'as enlarged and the graft was cord-like and useless It was attached onh 
at one end of the base and at the apex Animals 26, 29 and 30 (pericardial grafts) liaic 
systolic murmurs of moderate intensity, and a systolic thrill can be felt 111 dogs 26 and 30 
Dog 26 W'as sacrificed The heart was normal m size with a well-placed, intact, firmli 
attached graft The surface w'as shiny and blended smoothly w'lth the endocardium The 
leaflet, howe\er, was somewhat contracted upw'ards tow'ard the base 
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Recumbency has been recognized as an impoitant factoi m the genesis 
of unnaiy tract calculi The literature concerning the factoi s invohed 
in calculus foimation is very extensive “• Considering that the major 

factoi s include lecumbency, stasis, infection, and dietaiy dysciasias, it is not 
at all surprising that patients suflering fiom injuiy to the spinal coid should 
have a high incidence of calculi in the unnaiy tract The following report is 
based on observations made on ovei 700 young male adults (ages 18-50) 
who had stiff eied injury to the spinal coid during and shortly aftei 
Woild Wai II 

In tlie fiist woild-wide conflict, concentration of patients with spinal cord 
mjuiy at special hospitals led Head and Riddoch^’^ to list the course of para- 
plegia in foui stages These were (1) The stage of flaccidity which began 
with the onset of tlie injuiy and continued foi about six weeks, (2) The stage 
of spasticity tvhen leflex activity developed and giadually inci eased in sevent} , 
(3) The stage of paiaplegia m flexion when the spastic conti actions had con- 
tinued to the point wheie conti actures had developed, and (4) The stage of 
loss of leflex activity M'hich developed as debility and sepsis advanced, with 
death as the final culmination Undoubtedl), the hisloiy of the patients fiom 
the recent wai would have been the same weie it not foi the advent of anti- 
bacterial agents and the lecognilion of the need foi highly supei vised bladder 
caie such as that desciibed by MuniO"'’’ As a consequence of these advances, 
the outlook foi the patient \Mlh spinal coid injury was improved Despite 
this, two giavc prolilems lemained — the high incidence of iinnar) tract calculi 
with the concomitant presence of scveic unnaiy tiact infection, and the debili- 
tating effect of huge decubitus ulceis The lattei problem was solved by the 
development of siiigical technics such as those of Gibbon & Freemaiff’ and 
othcis The foimer Mas more diflicult to solve, foi the treatment of the 

injiiiy M^as recumbency, and mobili/alion could not be accomplished since the 
lower limbs (and in qiiadriplegias, all foui limbs) weie paraljzed To attempt 
an answei, ceitam data appealed to be neccssar} 

INCIDENCE or UniNVin TRVCT CVLCULI 

Sin VC) of the initial gioiip of 90 patients demonstiated that renal stones 
weie piesent m 15 and hladdci stones m 12 01 an oxerall incidcnct 

* Submitted foi iwlihcition, April, lopS 

177 



L WILLARD FREEMAN 


Annils Df Surc?*y 
Febniarj 

of 30 per cent Subsequent analyses of other gioups of patients showed that 
38 4 per cent of 164, and 27 pei cent of 280 had urinary tract calculi m the 
first months of injury These figures were in accord w ith those obser\ ed at 
other centers for the care of paraplegic patients 

a Rclationslnp to age The age range of these patients was from 18 to ^o 
jears wuth the aveiage age being approximately 25 years No correlation 
could be observed between age and incidence of calculus formation 

b Relationship to level oj lesion With lesions langing from the fourth 
cervical dermatome down, no correlation betw’een the level of the lesion and the 
incidence of stone formation could be observed 

c Relation to dietaiy intake of calcium Most of the patients w^ere seiereh 
restricted in the amount of calcium m their diet during the early pait of our 
experience A fewq however, insisted on libeial allotments of milk, cheese, and 
ice cream w ithout any noticeable difference m the incidence of calculi 

d Relation to niinaiy calcium excietion With limited lahoratoiy facilities 
available, a rough quantitation of the amount of calcium excreted 111 the urine 
by the “quantitative” Sulkowitch test^ was undertaken To test the acciiiaci 
of the method, samples of urine from normal ambulant males w-ere submitted 
at intervals along with the test samples, all as unknowuis Normals were found 
to excrete approximately 150 milligrams of calcium daily in 1500 cubic centi- 
meters of urine by the method used Despite the relative inaccuracies of the 
method, there was little question about the fact that the, patients wuth extremeh 
high daily excretions of calcium were “stone formeis ” Conversel}, those with 
low daily outputs of calcium did not form stones Because of this finding, a 
study of the factors entering into the increased excretion of calcium (and the 
formation of stones) w'as undertaken 

RECUMBENCY 

Recumbency was the most obvious feature to examine fiist Patients 
show'ed daily excretions of calcium m excess of 500 mg as eaily as the first 
week after injury Since careful fluid intake and output lecords weie kept on 
most of the patients, various other correlations w^ere found Among these were 
the fact that despite extremely high daily outputs of calcium (ovei 5 °° 
provided the concentration w^ere kept below^ 15 mg pei cent, stones rarelj 
formed The concentration was directly related to the fluid intake and with 
the adient of strict adherence to a schedule of moie than 4,000 cc of fluid 
intake daily, the incidence of calculus formation was noted to fall Eien wi 1 
this precaution, the per cent of “stone formers” remained at about 20 per cent 
Consequently, to test concomitantly the factor of fractures of major bone^ 
pel sc and the factor of recumbency, 93 cases of arm fracture and 87 cases ot 
leg fracture w’ere surveyed The cases with fracture of the arm w ere a 
ambulant, only the injured extremity being immobilized No stones were oiinc 
in these cases and the average urinary calcium excretions w ere w ithm nom 
limits In the leg fracture cases 19 pei cent showmd the presence of unnan 
tract calculi, prmcipall} in the bladder In these cases, the level of ca cnin 
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excretion was uniformly higher than normal, ranging from 125-350 mg daily 
and stones were found m those with the greatest calcium excretions Thi'; 
observation is m agreement with the studies of Flocks There appeared to lie 
no difference between femoral fractures treated \Mth suspended traction and 
those treated with casts This point is also borne out b} the observation that 
paraplegic patients with almost continuous reflex spastic activity of the legs 
were as vulnerable to the formation of stones as were those with complete 
flaccidity As such, it appeared likely that the principal factor involved vas 
not recumbency alone, nor the presence of a fracture of a major bone, but the 
absence of \\ eight-bearing on the long bones of the legs To test this hypothesis 

FIGURE 1 
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Tig I — Patient with injury to spinal cord at Du dermatome 
This patient was one of the first to ambulate and demonstrates the 
sharp drop in urinarj calcium excretion coincident with this jiro- 
cedure Later, when his right hiji dislocated and ambulation had to 
be discontinued, stones reformed m the bladdei 

paraplegic patients weie fiist mobih/ed m wheel chairs, but high unnar} cal- 
cium excretions w eie maintained despite tins change Tlien, tbej were equipped 
w'lth cuide metal straps as long leg braces Following even feeble attempts at 
ambulation in a w'alker, calcium excretion fell maikedly in all patients studied 
The events from the tune of initial obser\ation to the conclusion of the period 
are lepresented graphically for two patients in Figures i and 2 These cases 
show' the major featuies very strikingly and the resultant lessons learned gave 
impetus to the development of technics which would allow for early and 
vigorous ambulation ” 

Blood studies failed to reveal a single instance of significant ele\ation of 
total blood calcium No change in blood phosphorous or phosphatase was noted 
in a group of 12 cases Further stud) is definite!) needed m this sphere, for 
complete and well regulated studies were not earned out, due to exigencies 
be)ond control 

The role of Vitamin D was in\estigated but in more than 25 patients, 
liberal doses tailed to alter the excretion of calcium, and no change was noted 
on its withdiawal 
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Vitamin A was also administered, but in these patients, the presence oi 
absence of supplemental dosages failed to alter the course of excretion to am 
significant degree 

Time seemed, at first, to be a major factor, for on cursory analysis of the 
hgures, the rate of stone formation and the level of calcium excretion iisualh 
fell sharply at about the eighth month How^ever, subsequent analysis demon- 
strated that these phenomena occurred coincidentally with the institution of 
ambulation 

Vicanous deposition of calcium salts Certain patients showed peculiar 
depositions of roentgen ray opaque material in the soft tissues about the hip 
joints Some of these depositions showed bone lines It was tentatively decided 
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Fig 2 — A patient with a spinal cord transection at Di derma- 
tome Despite the numerous examples of the benefits derived from 
ambulation, this patient refused to consider the difficult task of 
ambulation until his life was jeopardized The resulting drop m 
calcium excretion is dramatically illustrated 


to label these cases as “neurogenic ossifying fibromyositis,” not because it was 
telt that nervous influences were important, but because the condition seemed 
to be peculiar to patients with paraplegia The appearance of a report bj 
Soule,^^ in ivhich it was stated that the condition appeared to be peculiar to 
paraplegia but w'^as not associated with other factors, prompted a resun'cy o 
the problem No cases had been seen in which there was not or had not been 
an overlying, infected, pocketed, decubitus ulcer We had originally postulate 
that the presence of bacteria had instituted changes in th'> relations of t e 
calcium-phosphorus balance through the local production of enzymes (pbos 
phatase) or local changes in acid-base balance Several patients were foun 
w'lth similar changes about the knees where no ulcers had ever been It 
felt, however, that these cases merely represented the spread of infectious 
processes along fascial planes wuth concomitant local changes Apparent \i 
this condition is similar to that described by Dejenne et These aut or 
found calcification in 48 7 per cent of paraplegic patients and believe t la 
the process was one of metaplasia 
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In reference to Soule’s report/^ it must be borne in mind that the external 
appearance of a decubitus ulcer is always deceiving On superficial inspection, 
It will not be found that the ulcers usually penetrate the subcutaneous tissues 
and reach wide dimensions in the deep tissues Thus, our concern largely rested 
on a means of separating cases of neurogenic ossitying fibromyositis from those 
of frank osteomyelitis with calcific depositions Since a number of cases v ere 
seen in which neither violent trauma nor trauma incident to physical theiap} 
could be implicated, it was felt that other (actors i\ere responsible Biops} 
specimens from two cases gi ew Staphylococcus albns in one and Staphylococ- 
cus aniens m the other From this observation, it can not be argued that infec- 
tion IS invariably present, but it still is remarkable that in the only tvo cases 
examined (both with healed decubiti) organisms should be cultured fiom the 
heart of the calcifications 

In many roentgenograms, calcification of the rib cartilages was seen to have 
progressed to an advanced degree A review of some 30 cases from the 
standpoint of possible gallbladder stones failed to reveal a single instance 

DISCUSSION . 

The factor of lecumbency has been emphasised in the discussion of 
important features in the formation of urinary tract calculi,'”^’ but insuffi- 
cient stress has been given to actual v eight-bearing The phases of calcium 
metabolism that occur during childhood with the rapid formation of new bone 
apparently are no longer pi esent in the adult As such, the countei part must he 
in the stages of recanalization of the Haversian canals that occur after weight- 
bearing begins , biops) or autopsy material w^as insufficient to pei mit definite 
conclusions It would appear from available data that changes coincident with 
w eight-bearing reflect an alteration in the utilization of calcium The analysis 
of Albright ct al^ would indicate that in the absence of usual stresses and strains 
of activit} and weight bearing, osteoblastic activity is decreased The decreased 
tormation of organic matrix in the face of normal rates of resorption would 
produce a demineralization of the immobilized bones and a h} percalcinuna 
Roentgenograms invariably show the decalcified state of the bones of the pelvic 
girdle and legs during recumbency wnth marked increase in densit} after the 
assumption of the erect, w eight-beai ing position It would appear that caieful 
studies cairied out during these stages would reveal many of the important 
factois in bone formation Analysis of the calculi removed from these patients 
at operation almost uniformly showed calcium and phosphorus as the principal 
constituents with carbon occurring frequcnth Crvstaliogiaphic examinations 
leveal the similarity of urinar\ calculi to the inorganic fraction of bone It 
has been demonstrated that the diffusible fraction of blood calcium, ? r , the 
ionized calcium, increases with recumbenc\ *'* Excitement, likewise increaces 
the excretion of calcium, as do the s\ mpathomimetic drugs Few are the 
paiaplegic patients who do not show a reduced total protein with a re%er‘:af 
of the albiimin-"lobulin ratio When coupled with normal blood calcium lex els 
this would imply an increase m the ionized calciunr' and thus an increase m the 

181 



L WILLARD FREEAIAN 


Annsls of Surtjcry 
i ebruary l o 4 

calcium available for participation m bone, or stone, formation Shorr 
et 29.30 conducted studies on the relationship between calcium 

excretion and the excretion of citric acid They point out that citrate tends to 
keep calcium in solution, enhanced by an alkaline medium, but diminished 
by the presence of bacteria which reduce the citrate content Estrogenic hor- 
mones uniformly augment the excretion of citric acid and androgens reduce it 
They also studied normal males confined in casts and showed an excretion of 
calcium double that of normal but considerably less than that sliown b\ 
Howard^'’ in fracture patients Since gynecomastia and testicular atrophy and 
destruction have been observed in paraplegic patients, one can impl) that, m 
some, there are hormonal factors which might help prevent the formation 
ot calculi 

The role of infection and of the hydrogen ion concentration of the urine 
were of great importance in calculus formation, for most cases studied had 
infection of the urinary tract, almost always with urea-splitting organisms, 
and thus were unfit candidates for acidification of the urine for prolonged 
periods of time Despite clinical control of these infections, bacteriuria was 
still present While granting that the roles of stasis and infection in the 
formation of urinary tract calculi may be great, the major disorder in the 
pai aplegic patient probably lies ahead of excretion, and the presence of calculi 
merely reflects the abnormally high wuthdraw'al of calcium from the bones 
and its excretion in the urine 

As has been pointed out by Howard,^®’ once a high level of calcium 
excretion in the urine is obtained, not much can be done to alter the rate of 
excretion if the mechanisms for homeostasis remain within normal limits This 
would explain the failure to find abnormal blood levels of calcium and phos- 
phorous in paraplegic patients This is emphasized by the discussion of Albright 
et al ^ These authors point out that osteoporosis is pnmanty a disorder ot 
tissue metabolism and only secondarily^ of calcium metabolism As such, blood 
calcium, phosphorous, and phosphatase levels can be expected to be within 
normal limits The resultant hypercalcinuria could be predicted from this 
anatysis 

Much study is needed before conclusive answers are obtained In a 
autopsy specimens, it was felt by'^ one pathologist that the parathyroid glan s 
exhibited evidences of hy^perplasia Granted that this be true, whether it 
as a primary or as a compensatory phenomenon is not apparent It can only e 
hoped that answers to these problems wnll be sought and found m the ^ast 
number of paraplegic patients still in hospitals 

SUMMARY 

1 A review of clinical experiences wnth over yoo paraplegic patients wi 
special reference to calcium metabolism is presented 

2 The incidence of urinary' tract calculi approximates 23-35 
during prolonged recumbency 

Ambulation reduces the incidence of calculi to such a degree 
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presence of a calculus can be taken as an indication of the failure to ambulate 
sufficiently 

4 Neurogenic ossifying fibromyositis is discussed as a reflection of the 
aberrant state of calcium metabolism in the presence of infectious and inflam- 
matory processes 
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DISPLACEMENT OF THE ESOPHAGUS INTO A NEW DIAPHllAG- 
MATIC ORIFICE IN THE REPAIR OF PARA-ESOPHAGEAL 
AND ESOPHAGEAL HIATUS HERNIAS 

K Alvin Merendino, M Df , R. L Varco, M D , 

AND 

Owen H Wangensteen, M D 

Mikkeapoms, Mixx 

FROM THE DEPARTMENT OF SURGERY — UNIVERSITY OF MINNESOTA 
MEDICAL SCHOOL, MINNEAPOLIS 

TYPES 

The phrase, hiaius hernia, unqualified, referi, only to the herniation 
which occurs at the esophageal hiatus 

There are three mam types of esophageal hiatus hernia 

1 Short esophagus with “thoracic” stomach (rare) 

2 Normal esophagus, the stomach herniates about the esophagus into the 
hernial sac How ever, the esophagus remains in its normal situation and 
does not occupy a position in the sac (para-esophageal) (Approxi- 
mately 33 pel cent of instances) 

3 Normal esophagus , the stomach herniates through the esophageal hiatus 
pushing the esophagus ahead of it into the sac (Approximately 66 per 
cent of instances) 

The first type probably is not a true hernia of the stomach into the hiatus, 
as the stomach never occupied a position in the abdomen It represents a true 
congenital anomaly The other tw'o types are also congenital, how^ever, only in 
the sense that an inguinal hernia is congenital Even though these defects ai e 
present from birth, no symptoms are usually present until the patient is 40 
^ ears or oldei Apparently, it is usually necessary to have other concomitant 
abnormalities present befoie symptoms are produced These abnormalities are 
m a sense accompaniments of the aging process viz , the stretching of tissue, 
the loss of elastic fibers, a decrease of fat in the esophageal ring, and an 
increase in the mtra-abdominal piessure, secondai} to obesity, cough, consti- 
pation, pregnancy, and ascites ’ 

FREQUENCY 

By no means a rare defect, it has been estimated that under the conditions 
1)1 geneial medical practice, symptoms sufficient to bring the patient to the 
roentgenologist for a gastro-mtcstinal stud\ will result in the discover} of an 
esophageal hiatus henna in two out of every 100 patients examined 

Hai rmgton^ operating upon 500 patients for other reasons, found that in 
65 pel cent, the diaphiagmatic lelations were normal , m the remaining 35 per 
cent, one or moie fingers could be inserted between the esophagus and the 
diaphragm Tins pecuharit} exists more often after the fourth decade and 

* Submitted for puiilicalion, April 1048 

t The Augustus L Scarlc Fund for Surgical Research and the Graduate School 01 
the Unnersits of Minnesota 

f Formerh of the Department of Surgerj, Unuersiu of Minnesota, now yscocnlt 
Professor of Surgerj, UnnersiU of Washington \fcdical School Seattle 
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occurs more frequently m females Ude and Riglei^^ noted that females out- 
numbered males 15 4 The majority of patients were advanced in age, re\eal- 
ing histones of multiple pregnancies, some with intra-abdominal tumors and 
ascites Rigler and Eneboe® attempted to evaluate the effect of increased 
intra-abdominal pressure in the development of hiatus hernia They subjected 
women in the third trimestei of pregnancy to roentgen-ray examination of 
the stomacl They concluded that smiall hernias through the esophageal hiatus 
were found in 18 i per cent of multiparas and in 12 8 per cent of all cases In 
seven positive cases, the hernia was not demonstrable after parturition 

RECOGNITION 

In geneial, the symptomatology depends upon the mechanical interference 
to the function of the hei mated organs pci se or by the pressure on those 
organs encroached upon iMthm the thoracic cage Obviously a wide range of 
variables ai e pi esent from patient to patient and within the same patient at 
different times Therefore, it is possible to have symptoms referable to the 
gastro-mtestinal tiact, the cardiovascular system, the respiratory tract, or am 
combination of these systems 

Physical examination contributes little to the diagnosis Most patients are 
past 40 years of age and obese 'Tnspiratorj'^ borbor3'^gmi”" ai e unusual except 
in very lai ge hiatus hernias 

Roentgen-iay examination is the most important single diagnostic aid 
available The patient must be examined in many different positions and 
particularly in the recumbent and prone positions In the upiight position 
many hiatus hernias will reduce themselves spontaneously If one suspects an 
esophageal hiatus hernia, this suspicion should be conveyed to the roentgeno- 
logist Otherwise a routine upper gastro-mtestinal series will be done and the 
diagnosis may be missed Once the diagnosis of hiatus hernia is established, 
it is difficult at times to determine the presence or absence of additional path- 
ology at the lower end of the esophagus 

There are two important occurrences one must bear m mind in this 
condition 

1 There is often no correlation between the sire ol the hernia and the 
severity of the symptoms although as a general rule small hernias do 
not produce symptoms 

2 The hiatus hernia ma}”^ be an incidental finding Therefore, one should 
1 ule out b) all means available, the presence of any other lesion wine i 
ma\ be lesponsible for the patient’s symptoms 

TREATMENT 

Once the diagnosis of esophageal hiatus hernia is established, and oiher 
causes for the patient’s symptoms have been excluded, two modes of therap) 
are available, vi 7 , conservative or operative jj 

Medical consen^ative management should be attempted 111 practically a 
cases The most important single item with legard to good medical manage 
ment consists of reducing the patient’s \\ eight Many patients w ithout fixation 
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of the stomach to the hernial ring (as evidenced b} the i eduction of the 
herniated viscus under fluoioscopy when the upright position is assumed) 
will be helped materially by the reduction of w^eight alone Adjuvant measures 
include a bland diet taken as frequent small feedings, antacids, antispasmodics, 
sedatives, and the coriection of constipation and flatulence These patients 
should be advised to maintain an upright or semi-upright position after eating 
and also to avoid exercise after meals Most patients will be benefited b} 
sleeping wnth the thorax highei than the abdomen For acute symptoms, 
nitroglycerin taken before meals and on retiring is of value Surgical repaii 
IS justified after medical measures fail to give relief Ceitam cases, because of 
the presence of adhesions or associated abnormalities, e g , volvulus of the 
Stomach, or the possibility of a more serious lesion of the distal end of the 
esophagus, ai e surgical problems at the outset and should be explored w ithout 
any unusual delay 

In the past, the reconsti uction of the esophageal hiatus has consisted of the 
displacement of the esophagus posterioily against the vertebral column with 
application of the tissue about the diaphragmatic defect anteriorly and laterall) 
utilizing various types of suture material The scarcity of tissue of sufficiently 
good quality posterioily to close the defect satisfactorily constitutes the disad- 
vantage of this type of i epair Consequently, a space postei lorly results, w Inch 
lemains open to receive once again a subsequent heimation of the stomach into 
the thorax In addition, the leplacement of the esophagus into the same site 
It previously occupied, obliges one to attempt the lepan with tissue, wdnch 
previously w'as unable to w ithstand the existing sti esses and strains arising m 
the lelationship of the diaphiagm and the adjacent abdominal viscera The 
possibility of a lecuiience in this area following the conventional type of lepaii 
appeals to be a leal one and might well explain many of the failures and 
recLiiiences lepoited m the hteiatuie 

The following mateiial concerns itself wuth the piesentation of 13 cases 
ot esophageal hiatus hernia (exclusive of those cases associated with a congeni- 
tally shoit esophagus) tieatcd surgicalh A vaiiation of the conventional 
1 epair was suggested by one of us, (O H W )^- and such a closure was 
first ])erformed on October 25, iqqq , since that time it has been emj:)loyed in 
all cases This repair entails essential!} the displacement of the esojihagus 
anteiiorly and to the left, the closure of the diaphiagm posteriori}, and the 
sutuiing of the stomach immediately distal to the esophago-gastric junction to 
the edge of the diaphiagm with fine silk sutuics This method of rcpaii fulfills 
all the lequisites foi a satisfactoiy hcrnioplast} , mz , displacement of the conduit 
(m this instance the esophagus) awa} from the weakened strucluies, utilization 
of health} tissue in an anatomic reconstruction of the aiea, and the use of a 
non-absorbablc sutui e 

Singleton ( 1942) in discussing a paper b} Harrington, stated that he had 
repaned two esophageal hiatus hernias In anteiioi displacement of the esoph- 
agus Tl ma\ w ell be that othei s ha\ c done the same Smec that time no formal 
piesentation has appealed m the literature to oui knowledge 
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preoperative care 

The conventional standard preoperative care is carried out, including the 
passing of a duodenal tube into the stomach prior to surger}^ Continuous 
suction IS applied to the inlying duodenal tube before any attempt is made to 
induce the anesthesia Suction is employed during the operative procedure and 
IS continued throughout this period Anesthesia has consisted of either 
cycloprane and curare or a pentothal and curare mixture - An intratracheal 
tube with an inflatable cuff has been used in all cases regardless of whether 
the operative approach has been thoracic or abdominal 



Fig I — (A) This sketch represents the normal anatomy of the esophageal hiatus a« 
It appears looking down upon the diaphragm from above 

(B) — The usual picture of an esophageal hiatus hernia after mobilization 


TECHNIC OF REPAIR 

Ti ansthoi acic Appioach The position of the patient is a semi-lateral one 
with the left side elevated, the patient’s back making approximately a 45 degree 
angle with the table An oblique incision is made over the 9th intercostal space 
In the initial operations, a segment of the 9th rib was resected This pro 
cedure has been found to be unnecessary and has been abandoned in subsequent 
cases The 9th intercostal space is incised and the pleural cavity is entered 
The phrenic nerve then is crushed at its entrance into the diaphragm The 
hernia is readily discernible in the triangle formed by the left ventricle the 
aorta, and the diaphragm The sac is incised and partially excised, and the 
edge of the hernial ring is freshened The stomach and the esophagus are 
mobilized and displaced antero-laterally into the most anterior portion of t le 
hernial defect The right and left crura of the diaphragm then are suture 
together behind the esophagus with 000 silk sutures If the consistency ani 
the quality' of the tissue posteriorly' are unsatisfactory for suture or a satis ac 
tory' approximation of the diaphragmatic crura behind the esophagus is not 
made readily, extending the incision into the anterior portion of the left lea 0 
the diaphragm facilitates this part of the procedure Moreover, this manemer 
IS in accord v ith the best principles of hernioplasty, viz , moving the 
agus to an area where a snug anatomic closure of strong tissues can e ma 
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about It Additional sutures of oooo silk are taken from the free edge of the 
diaphragm to the esophago-gastnc junction, preferably on the stomach side 
f See Fig 1&2&3) The chest closure is effected by three pericostal sutures 
of double strands of o chromic catgut, care being observed that the elements 
of the intercostal bundle are not caught m the suture The remainder of the 
chest wall closure is accomplished by interrupted fine silk sutures in 
multiple lasers 



Fig 2 —The herniated portion of the stomach has been replaced into the 
abdomen The esophagus has been displaced anteriorly and lateralh into 
the original defect and a closure has been effected postenorlj bj suture of 
the right and left crura of the diaphragm Additional sutures ha\e been 
taken from the upper portion of the stomach immediately distal to the 
esophago-gastnc junction to the edges of the diaphragm 

The inset drawings illustrate the repair diagrammaticallj 
This tjpe of repair is indicated when the tissues posteriorly are of 
sufficienth good quality for satisfactorj suture 



1 K. 3 — W hen the tissues ot the riuht and left crura arc not satisf'iclor\ 
lor suture, a new esophageal hiatus is creUed 

The {iniicipics of repair arc identical in all respects to tho‘;c indicated 
under Figure 2 

In both diawing'- the clO'Urc of the diaphragm posterior has been siiov n 
to be complete This i-. not alwa\s possible from the thoracic approach 
HowcNcr two or three well-placed sutures postenorh approMinating the 
diaphragm sufiices to insure a good result 
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Abdominal Appioach The patient is opeiated upon in the supine posipoii 
A subcostal incision is emploted All bleeding is controlled with fine catgut 
and silk The gastro-colic ligament is identified, and an appropriate sized 
opening is made into the les<5er omental sac With ti action upon the stomach 
downward and meclialK combined with manipulation about the hernial site 
reduction can usualh be accomplished At times the seierance of adliesioii', 
w ill be necessar> The hernial ring is freshened , the sac is not excised 1 he 
stomach and esophagus are displaced anteriorly and the right and left crtmi 
ot the diaphragm are sutured together with ooo silk Usually it is possible to 
close the posterior defect completely from the abdominal approach Additional 
sutures are taken about the periphery of the hernial nng to the uppemiost 
portion of the stomach, with attention to the avoidance of inclusion of the 
vagus nenes m the suture Tlie abdominal closure is completed Iw multiple 
layers of ooo and oooo silk 

Conihiitcd Abdonimo-thotacic oi Tlwi aco-abdonunal Appioach The 
patient is placed supine on the table wnth the left side moderately ele\ated 
The left arm is elevated and/or placed across the chest The incision hcgnis 
at the nglit lateial border of the right rectus abdominus muscle, and is con- 
tinued obliquely upward crossing the inid-hne half-way between the xiphoid 
process and the umbilicus Abdominal exploration then may be done 11 
abdominal pathology is present, the incision can be extended tow'ards either 
side of the abdomen In the absence of abdominal patholog)^ or if there is need 
for a combined abdommo-thoracic exposure, the incision may be continued 
into the Qth intercostal space on the left side This necessitates the section ot 
a single cartilage 

The repair of the esophageal hiatus or para-esophageal hernia is effected 
in the same manner as previously described for the transthoracic approach In 
anterior displacement of the esophagus and closure belnnd of the right and 
left crura of the diaphragm 

Others*' ■*' have advocated this combined approach for lesions of tlie 
low Cl end of esophagus, the upper end of the stomach, and for diseases of 
the spleen 

Ohvioush if the original incision is transthoracic, if necessary the incision 
ma\ he converted into a combined thoraco-abdonnnal approach m the presence 
of a lesion in the lower esophagus oi upper stomach 

PO&TOPERAXn E C A.ee 

Postoperatn e suction is applied to the inUmg duodenal tube for 24 to 48 
hours During this period appropriate amounts of sodium chloride and glucose 
solution are administered intravenousl} When the patient tolerates well the 
clamping of the nasal tube, it is removed A gradual increase m the diet i*' 
allowed All patients haie been ambulatory within the first few postoperatn c 
da} s If an undue amount of fluid accumulates in the pleural ca\ tl\ aspira 
tions occasionally mai be necessari 
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Fig 4 — CiscNo 2L H No 74<)i7(> These re[)restnt luo indepciicicnl upper 

gastro-mtestinal senes taken postopcralneh The phenomena present nn\ represent • 
vagus ncr\c injurj (A )— (11/22/44) The stomach is filled with food and fluid although 
the patient had not !iad either for at least 15 hours Peristalsis appears to be sen «low 
but modcratelv actne CmptMiig takes place \ers slowh \nni lulritc was inhaled and 
the patient obtained a marked phssiologic response but with little effect on the emptving 
of the stomach (B ) — (s/-2i/4t) After an inlersal of six months, another gastro-intes- 
tinal scries rescaled a markedh dilated proximal end of the stomach witli a considerable 
aceunuilation of food and fluid An extraordinan tspc of hour-glass constriction was 
shown in the middle third of the stomach, but the remaining portion 01 the stomach irom 
that point on was lathcr sinuous and narrow \bout sc\cn and onc-liali liours after the 
barium nas gnen a small amount passed througii the pilortis into the first portion of the 
duodenum Emptsing tune was cxtreincK slow Larocainc instilled through a stom ich 
tube had no effect upon the configuration of the stomach 
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RESttLTS AND DISCDSSION 


lliirtecn cdhes of hiatus and para-esophageal hennas ot the diaphragm 
have been repaired by the teclnnc described herein Nine cases were 
approached through the thorax , three through the abdomen, and one by the 
trans-abdomino-thoracic route (See Table I) No lecurrences have "been 
obseived in this small group of cases in followup periods varying from 
five to 36 months The t\\ 0 methods of repair used have proven to be simple 
and efficacious, the avoidance of the vagus nerve being the only consideration 
necessary other than the actual repair itself This danger is inherent in an\ 
repair of an esophageal hiatus hernia (Case 2, Table I) probably represents 
an example of injury to the vagus nerves (See Figure 4) 

The repair may be accomplished with facility through the chest or abdomen 
Because of the ease of access to and exposure of the hiatus area, and the 
simplicity of obtaining a secure anatomic repair the transthoracic approach is 
to be preferred In those cases m which the crura of the diaphragm posteriorly 
are not satisfactory for closure behind the displaced esophagus, we have found 
It advantageous to make an incision into the normal anterior margin of the 
left leaf of the diaphragm in order to have available healthy normal tissue for 
a solid closure posteriorly This maneuver can only be accomplished safeh 
through the thorax In this fashion an entirely new site is created for the 
esophageal bed One must be careful to avoid the possibility of too snug a 
closuie about the esophagus itself The presence of the inlying duodenal tube 
helps the surgeon decide this matter 


Certain disadvantages of this approach have become apparent as experience 
has accumulated In one instance (Case 2, Table I) a carcinoma of tlie 
transverse colon was overlooked Undoubtedly this lesion was present at tlie 
time of the initial operation for the diaphragmatic repair Although one is 
able to do a moderately satisfactory abdominal exploration transdiaphrag- 
inatically through a thoracic incision, in the event of the presence of intra- 
abdominal pathology the efforts of the surgeon will be gravely hampered b\ 
this approach The disadvantages to the operator may be modified somewhat 
by the conversion of the thoracic incision into a combined thoraco-abdominal 
one by the section of the costal cartilage and the anterior abdominal wall 


After any intrathoracic operation, a serous effusion follow's This transu- 
date represents a normal protective response of the pleura to trauma The 
effusion IS usualty small and of no consequence However, when hemostasis 
has been incomplete, a blood}' effusion results The dangers of a chronic 
hemothorax have been w'ell documented (Case 6, Table I) is an example 0 
such a complication A multiloculated empyema cavity resulted, which neces- 
sitated surgical drainage and a rather prolonged convalescence Although t ic 
emp)ema healed completely on drainage alone, it might have been wiser to 
have performed a decortication of the lung early m the convalescent perm 
As has been related earlier, however, most effusions are of a minor nature 
Although the potential danger of secondaty infection is ever present, the u e 
ot antibiotics has in a large measure obviated this danger In view of the ac 
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that the cases presented lepiesent the eftorts of several surgeons, it is sur- 
prising that a large number of patients escaped additional complications 

One patient (Case 3, Table I, Figure 5) was explored through the right 
thorax The differential diagnosis between a pleuro-peritoneal hiatus hernia 
and esophageal hiatus hernia could not be made preoperatively Although a 
satisfactory repair was obtained, in retrospect, the left thoracic approach 
would have allowed the operative procedure to have been performed with 
greater ease 



A B 


Fig 5— Case No 3 U H No 750827 , A —(1/19/45) Preoperative films 

B — (3/13/4S) Postoperative films, the stomach is in its normal position, the stomach 
empties well 

This patient was a problem in diagnosis as well as therapy He was explored 
through the right thorax because the possibility of a pleuro-pentoneal hernia was con- 
sidered strongly The repair as previously described (See text) was carried out with 
great difficulty because of the interposition of the inferior vena cava and the necessity of 
working around a “corner ” In retrospect, if the diagnosis of esophageal hiatus hernia 
could have been definitely established preoperatively, the operative repair would have 
been facilitated by a left transthoracic approach 


The combined abdommo-thoracic approach undoubtedly allows the oper- 
ator a perfect exposure of the involved area as well as the best opportunity 
for a satisfactory anatomical repair However, the disadvantage of this incision 
relates itself to the complicated and time consuming closure of the operative 
wound as well as the possibility of a chonditis should a wound infection ensue 
If in addition to the hiatus hernia, there are known abdominal lesions 
present the trans-abdominal or a combined abdomino-thoracic approach is to 
be preferred The type of repair described herein can be accomplished satis- 
factorily as exemplified by the four cases approached in this manner 

In the event that one is unable to ascribe all the symptoms present to the 
hiatus hernia, one should deal surgically at the same sitting with the other 
mtra-abdominal organs involved in a disease process Anemia is not an infre- 
quent accompaniment of hiatus hernia Cases with anemia in the presence of 
occult blood m the stools without a lesion demonstrable by roentgen-ray stud3% 
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have been explored trans-thoracicall} In our experience, following hernio- 
plasty, the occult blood in the stool has disappeared and the anemia has been 
corrected in a short period of time This suggests that these findings are an 
accompaniment of the disturbed anatomic position of the stomach 

The transabdominal approach avoids certain of the hazards of the thoracic 
approach Certainl} unanticipated abdominal findings can be dealt w ith more 
adequately through the abdomen One must constantly be aware of the 
circumstance that the hiatus hernia may prove to be a mere incident to a more 
serious pathologic state 

Whereas the pleura reacts to trauma wuth a serous eflPusion which when 
infected may result in a total empyema, the abdomen responds to injury with 
a plastic exudate Therefore, the dangers of a secondar}^ infection in the 
abdomen cannot be compared to those w^hich exist wdien such a complication 
occui s in the chest Each case must be individualized and the approach to be 
made should depend upon the evaluation of the different factors present 
Where the approach is optional, undoubtedly the transthoracic approach offers 
the operator the most satisfactoi}'’ exposure and the best opportunity to per- 
form a good anatomic repair 


SUMMARY 

Ceitain aspects of the incidence, symptomatology, and the diagnosis of 
esophageal hiatus hernia have been discussed briefly 

A variation of the conventional method of repair of hiatus hernia of the 
diaphiagm has been described This method of repair now' is used in this 
clinic to the exclusion of all others This hernioplasty can be effected w'ltli ease 
either trans-thoracically or trans-abdominally, or by a combined approach 
Thirteen cases (9 transthoracic, 3 transabdominal, i tians-abdornino-tho 
racic) have been presented in which this fype of repair w'as used No recur- 
rence has been observed Certain advantages and disadvantages of the various 
approaches have been review'ed 

The transthoracic appioach is to be preferred However, in cases in which 
a co-existent surgical disease is present in the abdomen, one should utilize 
the abdominal or combined approach 
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SoML 01 jhe MOSi DirricuLT surgical problems encountered \Mthin the 
abdomen are those resulting from diverticulitis of the colon Diverticulitis is 
among the commonest causes of sigmoidocutaneous fistulae, which frequently 
are very distressing to the patient and surgeon It can be expected that the 
frequency of this complication of diverticulitis will be less in the future than it 
has been in the past, because recent therapeutic advances render operations on 
the colon less hazardous The present study consisted of a clinical and patho- 
logic investigation of a number of cases of diverticulitis of the sigmoid colon 
complicated by the occurrence of sigmoidocutaneous fistulae 

HISTORICAL BACKGROUND 

1 hough an external fistula is not a rare complication of sigmoidal diver- 
ticulitis not a great deal has been written about this type of lesion Since the 
bladder and sigmoid are so closely approximated, it seems logical that fistulae 
ot the bladder uould outnumber the external variety Johnson stated in 1944 
that of all fistulae occurring in association with diverticulitis, those of the blad- 
der w ere the most common 

Mato, ^Yllson and Giffin in 1907. in one of the earliest leports on diverticu- 
litis in uhich they piesented a study of five proved and four probable cases of 
dnerticuhtis, had two patients in the probable group who had external fecal 
fistulae In both patients the fistulae followed surgical operations One of the 
patients had a sigmoidovesical fistula also Mayo in 1918 noted that the 
abdominal wall was ver} rarely perforated as a result of an infectious process 
Such a condition, however, accounted for a small percentage of the cases in 
which fistulae occurred in the lower part of the abdomen secondary to diverticu- 
litis 'Man\ of these fistulae healed spontaneously wnth the passing of time, he 
tound Sutton in 1921 stated that one encounters sigmoidovesical fistulae more 
frequent!} than those between the sigmoid and small bow^el or sigmoid and skin 
Daiid in 1929 reported two cases of sigmoidovesical fistula in which external 
fistulae also de\ eloped after surgical drainage of abscesses Rankin and Gorder 
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studied 264 consecutive fecal fistulae at the Mayo Clinic and found 22, or 8 3 
per cent, to be due to divei ticulitis Lewis and Penick in 1933 discussed 129 
fecal fistulae seen at the Johns Hopkins Hospital from 1892 to 1931, only one 
of which was the result of diverticulitis , this fistula followed surgical drainage 
of an abscess, and it closed spontaneously within a short time Jones'^’ ^ m 1936 
and 1938 advocated that resection be done after the acute inflammatory process 
had subsided Fistulectom)^ usually was contraindicated, in his opinion 
In 1939, Dixon noted that when drainage of an abscess in perforative diver- 
ticulitis vas necessaiy, a fistula frequently resulted Some of these healed 
spontaneously If such did not occur, colostomy was done proximal to the dis- 
eased segment of bowel If the fistula persisted, closure of the fistula or seg- 
mental resection of the bowel was indicated, depending on the extent of the 
diverticulitis Ginzbuig in 1940 found that two of 62 external fecal fistulae 
studied by him were caused by diverticulitis 

Schlicke and Dixon in 1940 classified acquired external fecal fistulae 
according to their etiology as pathologic, traumatic and postoperative Accord- 
ing to them, diverticulitis and carcinoma were the common causes in the 
pathologic group Since fistulae due to diverticulitis tend to heal spontaneously 
and since surgical operation to efifect closure in such cases cariies a mortality 
rate estimated at between 8 9 and 49 per cent, they advised that conservative 
theiapeutic measures be given a fair trial for several months At operation the 
fistulous tract was dissected and excised and the opening in the bowel was 
closed by intraperitoneal or extraperitoneal methods Short-circuiting oper- 
ations or resection of the bowel were at times necessary 

Mayo and Schlicke in 1941 reviewed the records of 155 cases of external 
fecal fistula encountered at the Mayo Clinic in the five-year period, 1930 
through 1934 Nine of the fistulae resulted from diverticulitis Six patients 
were operated on with a mortality rate of 16 7 per cent Treatment, they 
believed, should be nonsurgical for several months in order to give the fistula 
adequate chance to heal spontaneously Mora in 1944 noted that in diverticu- 
litis, fistulae of the anterior abdominal wall always followed spontaneous 
rupture or surgical drainage of an abscess and that the fistulae frequently closed 
spontaneous!)'- He expressed a belief that if such did not occur, colostomy 
should be perfoimed If they still persisted, excision of the fistulae and 
resection of the bowel was recommended 

In T944 Lichtman and McDonald reported on 590 fecal fistulae seen at the 
clinic from 1930 to 1941 In 408 of these cases operation was performed 
Diverticulitis was the underlying lesion m 28, or 6 8 per cent, of the cases 
There was recurrence of the fistula after attempted repair in 31 per cent of the 
cases of dn'erticulitis They found that fistulae failed to heal spontaneous!) 
because of active disease m the bowel, the presence of foreign bodies, such as 
cotton fibers and magnesium silicate, or the large size of the fistulous opening 
in the bowel Dixon and Benson in 1946 reported a series of 65 consecutive 
patients with external fecal fistulae who were operated on by Dixon m the 
three-year period from January, 1942, through December, 1944 In 12, or 18 4 
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per cent, the fistula was due to diverticulitis They advised that in perforative 
diverticulitis wuth formation of fistula, a preliminary transverse colostonn 
should precede any attempt at resection by at least three to tw elve months 

MATERIALS AND METHODS 

Fort) -SIX cases of diverticulitis of the sigmoid colon in wdiich theie were 
bladder or cutaneous fistulae and in wdiich a segment of colon had been 
removed surgically at the clinic w^ere used for this study This discussion con- 
cerns only 17 cases in wdiich sigmoidocutaneous fistulae occurred The cases 
of sigmoidovesical fistulae are being reported elsewhere The clinical record of 
each case was carefully reviewed and abstracted on a specially prepared card 
The surgicallv removed tissues which had been fixed and preserved in formalin 
solution w^ere examined grossly and roughly sketched Each specimen w'as 
sectioned, and blocks of tissue were removed from selected parts for micro- 
scopic study The blocks of tissue w'ere fixed in paraflfin and cut , the sections 
were mounted on slides and stained wnth hematoxylin and eosin The sections 
weie studied microscopically, and the changes in the various layeis of the w'all 
of the bow'el w ere observed and recorded 

Originally, the clinical records m 25 cases were abstracted, but those in 
which only colostomy or repaii of a fistula was done and no tissue was avail- 
able for study were excluded from this senes In some instances the surgically 
removed tissue w'as not suitable for study Consequently, this w^as not a stud) 
of 17 consecutive cases of diverticulitis wuth sigmoidocutaneous fistulae 

The original plan w'as to study more in detail the fistulous tiacts, but in 
most specimens no tract could be identified Therefore, in most instances the 
excised segment of bow'el w as all that w'as available for stud) 

PATHOLOGIC FINDINGS 

In each of the 17 cases studied, there w^as a sigmoidocutaneous fistula 
Three of these patients had coexisting enterocolic fistulae, and three had 
sigmoidoi esical fistulae The length of the excised segment of colon averaged 
14 cm for the 17 cases Characteristically, the involved segment of colon w'as 
thickened and rigid and contained multiple diverticula Areas of abscess for- 
mation, granulation tissue, necrosis, and perforation w'ere seen Fistulous tracts 
were identified Microscopically, mucosal ulceration was observed In areas 
the entire bowel wall was replaced by a chronic proliferative mflammaton 
process characterized b) the presence of dense fibrous connective tissue, lympho- 
c)tes and plasma cells Frequently, a foreign body granulomatous type of 
reaction with large, multinucleated giant cells was seen (Fig la} Other 
features were abscesses, hyalinization of muscle and occasionally hypertropli) 
of the 111) enteric plexus The fistulous tracts w ere lined by inflammatory gran- 
ulation tissue (Fig ib ) except occasionally where a long diverticulum formed 
a portion of the tract Generali) the pattern of the tract conforirtd to that 
described b) Lichtman and IMcDonald in 1944 
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Fig la — A foreign body type of granulomatous reaction in perforative 
sigmoidal diverticulitis (hematoxylin and eosin, x 170) 

h — ^The wall of a sigmoidocutaneous fistulous tract All tracts had essen- 
tially the same appearance (hematoxylin and eosin, x 42) 
c — A sigmoidocutaneous fistula 
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CLINICAL DATA 

Sex and age — Twelve of the 17 patients m this group were males The 
youngest patient was 27 years old and the oldest 60 The average age was 
46 3 years 

Symptoms — All these patients had fistulae which at times drained feces, 
gas and pus Pam was the most common symptom and was located in the 
lower left or midpart of the abdomen usually Approximately half the patients 
had had recurrent episodes of chills or fever or both Commonly, the pain and 
fever recurred when the fistula closed spontaneously, but relief w^as afforded 
when the tract drained again Constipation was a frequent complaint, but 
diarrhea was not complained of by any of the patients In none of the cases 
was obstruction of the bowel of any clinical significance 

Pievions smgical tieatment — Fourteen of these patients at some time had 
had an acute suppurative process within the abdomen, and in each case a 
sigmoidocutaneous fistula followed surgical drainage of the suppurative lesion 
In the other three cases the fistula had followed surgical intervention for the 
coirection of sigmoidovesical fistula In one of these operation had been per- 
formed at the clinic three years previously Also, m one of these three cases 
segmental resection of the colon had been done while in the other two, repair 
of the fistula had been done In twm instances attempts to repair the signioido- 
cutaneous fistula weie unsuccessful Exploratory laparotomy w^as perfoimed 
in two instances, and m one colostomy and subsequent closure of tlie colic 
stoma were done 

Physical findings — In each case the cutaneous opening of the fistula was 
m the abdominal wall There was a single opening in 14 of the cases and 
multiple openings m three The location in each case was determined by the 
site of the surgical incisions In only two instances w^as there a palpable mass 
within the abdomen, and one of these masses could be felt through the rectum 
If these patients had been seen duimg the acute stage of the disease, proliabh 
all would have had a palpable mass 

Roentgenologic examination of the colon w^as done m 15 cases preoper- 
ativety In 14 of these a diagnosis of diverticulitis or diverticulosis 01 both was 
made In one instance the lumen of the bowel was obstructed Fistulous tracts 
could be seen arising from the sigmoid frequently In 14 instances proctosig- 
moidoscopic examination was done Decrease in the mobility of the liowel was 
die most common finding, being present in over half the cases Diverticiihi 
were seen in two In four cases the bow^el appeared normal 

Associated fistulae — Six of these patients also had coexisting internal 
fistulae Three had enterocolic fistulae and three had sigmoidovesical fistulae 
An enterocolic fistula was suspected wdien food passed rapidly through the 
intestinal tract The diagnosis w^as established by means of roentgenologic 
examination of the colon wnth the aid of barium, and in one instance the coin 
munication w'as found at surgical exploration w^hen it bad not been suspcc e 

previously . 

Suigical tieatment at the clinic — Eighteen segmental resections o 
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colon were done for sigmoidocutaneous fistulae in 17 patients with diverticu- 
litis An extraperitoneal type of resection was done in 12, or two thirds of the 
cases Six of these had a preliminary colostomy Resection with primary 
end-to-end anastomosis was done in six, or one third of the cases Of these, 
five had a preliminary colostomy The shortest interval of time elapsing 
between the performance of the colostomy and resection was i 5 months, and 
the longest interval w^as ii months The average interval was 7 i months 
Fistulectomy w^as done three times in twm cases 

Result of tieatment — There w'ere no postoperative deaths Sixteen of the 
17 patients were cured of their cutaneous fistulae Reoperation w^as necessary 
in three patients since a fistula persisted after the initial procedure An 
extraperitoneal resection was followed once by the occurrence of a cutaneous 
fistula w'hich closed spontaneously after a second colostomy and subsequent 
closure of the colic stoma A fistulectomy w?as done twice m one case The 
fistula persisted The patient w^as cured by a resection and remained w^ell 
In the third case in w^hicli reoperation w'as necessary, a fistulectomy and 'two 
segmental resections of the bow'el w^ere done before all the fistulae were closed 
One patient still had a sigmoidocutaneous fistula after segmental resection 
Only one patient w'as left with a permanent colic stoma 

COMMENT 

Diverticula of the colon occur most commonly in people above 40 years of 
age Males are affected more often than females, the ratio being about 3 2 
The pelvic colon is most often the site of involvement, and by far the majont} 
of complications resulting from diverticula occur in the sigmoid It is not the 
purpose of this paper to discuss the controversial points regarding the etiology 
of diverticula It is the opinion of most authorities that diverticula form as the 
result of several factors, the most important of which is increased intraluminal 
pressure plus weakness m the musculature of the bow'el wall produced by tlie 
penetration of the w'all by blood vessels and possibly fat 

The wall of a diverticulum is composed of atrophic mucosa, submucosa and 
serosa Not infrequently, a thin layer of muscle is present, especially near the 
proximal end of the sac Fecal concretions which are contained within these 
sacs cause mucosal erosion and irritation, permitting bacterial invasion of the 
w^all of the sac The inflammatory process initiated by the invading bacteria 
and toxins occludes the mouth of the diverticulum and produces necrosis and 
extension of the process into the adjacent w'all of the bow^el The severity of 
the inflammation depends upon the virulence of the organism and resistance 
of the patient 

If the process spreads rapidly, there is necrosis of the diverticulum and wall 
of the bowel, perforation and abscess formation The abscess may attach itself 
to the abdominal w^all, bladder or other viscus and erode through the wall of the 
viscus, producing a fistula More commonly, the process spreads more slowdy 
The bow^el w^all and the mesentery then become involved in a chronic prolifer- 
ative extramucosal inflammatorj' process w'hich Wilson^'* m 1907 called “peri- 

203 






MAYFIELD AND WAUGH 


Aiiiials et Sutctrj- 
Fpbnurj- 1945 

diverticulitis ” This is the most important pathologic condition resulting from 
diverticula The involved loops of bowel become attached to the abdominal wall 
or viscera, and abscesses form within the inflammatory mass from time to time 
and drain through the path of least resistance Frequently, this path of drain- 
age IS into the colon, but not infrequently it is into the bladder, small bow'el or 
abdominal v all This seems to be the mechanism at w ork in most of the cases 
in this group 

In at least four cases a long perforated diverticulum wms attached to the 
abdominal wall and formed an abscess which was drained, leaving a suppura- 
tive saccular sigmoidocutaneous fecal fistula (Fig ic) as described by Licht- 
man and McDonald in 1944 The proximal part of the fistula was composed ot 
the diverticulum itself , the distal portion was a tract lined w ith fibrous granula- 
tion tissue and connecting the two was an abscess cavity However, in most 
instances the bowel had become densely adherent to the abdominal w'all and 
the communication had occurred through the inflammatory mass 

Diverticulitis is an important but not the most common cause of external 
fecal fistulae Ginzburg showed that diverticulitis accounted for 3 2 per cent 
of external fecal fistulae Lichtman and McDonald found diverticulitis to be 
the underlying cause in 6 8 per cent of their cases Dixon and Benson reported 
diverticulitis to be the cause m 18 4 per cent 

When the patients in our series were first seen at the clinic symptoms had 
been present on the average, for 46 i months and the fecal fistula had been 
present an average of 17 i months Thus it is seen that the symptoms of 
diverticulitis had been present an average of 29 months wdien the fistula 
developed The fact that 14 of these 17 patients had had surgical drainage of 
an acute suppurative process within the abdomen is evidence that the formation 
of a fistula in diverticulitis is preceded by the formation of an abscess 111 most 
instances Acute perforation of a solitary diverticulum has been discussed b\ 
many authorities, but such is not the usual mechanism of the formation of a 
fistula Surgical trauma is a contributing factor in many cases Not all 
external fecal fistulae caused by diverticulitis have their openings m tlie 
anterior abdominal wall They may open in the lumbar region, buttocks 
thigh, perineum, thorax or perianal region In the present group, all openings 
occurred in the abdomen, with most of them located m the low er niidime or to 
the left of it In none of these cases could the opening into tlie sigmoid lie 
visualized on proctosigmoidoscopic examination 

To determine the underlying cause and the part of bow'el from which an 
external fistula arises is at times a difficult task The historj' and ph}sica 
examination are helpful, but the most valuable information is afforded w 
roentgenologic examination of the colon In the pi esent group, a diagnosis 0 
diverticulitis or diverticulosis or both w'as made in all cases except one m 
wffiich the lumen of the bow^el was obstructed In almost half the cases 
fistulous tract could be seen to arise from the sigmoid -n some 
roentgenologic examination after the injection of iodize f oil mto the trac 
revealed the site of origin of the fistula 
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As shown by Mayo and Schlicke, and by Rankin, Baigen and Buie, the 
basic lesions from which fecal fistulae result are numerous The commonei 
ones which must be consideied m the differential diagnosis are appendiceal 
disease, regional enteritis, tubo-ovarian inflaiiiniatoiy disease, pelvic or intes- 
tinal tubeiculosis, malignant tumois of the pelvis or bow'el, ulcerative colitis, 
actmoni} cosis, tiaumatic peifoiation of the bow^el and foreign body Fecal 
fistula may follow various intia-abdominal operations 

As emphasized by Jones,® Mayo and Schlicke, and Dixon and Benson, 
external fecal fistulae resulting from diveiticuhtis tend to heal spontaneously, 
and ample time, perhaps a 3^ear, should be allow^ed for healing to occui before 
surgical measures foi correction are employed Fouiteen of the 17 patients in 
oui series had had their fistulae a year or longer before they w^ere treated sur- 
gically at the clinic The other three w^ere operated on tw^o, five and seven 
months respective!} aftei development of the fistulae 

For the correction of sigmoidocutaneous fistulae that result from diverticu- 
litis, any surgical procedure less radical than segmental resection of the 
diseased bow el usually fails This has been emphasized by various authorities 
Dixon and Benson expressed the belief that a preliminary colostomy should 
precede resection by three to 12 months, w^hile Babcock (1945) has follow^ed 
the practice of doing a resection and primary anastomosis without colostomy 
It would seem that the type of procedure chosen should depend entirely upon 
the conditions presented in the individual case Usually it is safer to establish 
a prehmmar} transverse colic stoma and after an interval of a few months to 
carr} out a resection and end-to-end anastomosis or an extraperitoneal resec- 
tion, subsequently closing the colic stoma How^ever, at times in perforative 
diverticulitis, it seems advisable to do a primary resection and end-to-end ana- 
stomosis wnth or without simultaneous transverse colostomy 

Eleven of the 17 patients were prepared preoperatively with the aid of 
succinylsulfathiazole (sulfasuxidine), and in most instances one of the sulfona- 
mides was used mtraperitoneally 

SUMMARY AND CONCLUSIONS 

A review' of the literature on diverticulitis with sigmoidocutaneous fistulae 
has been presented According to various investigators diverticulitis accounts 
for 3 2 to 184 per cent of the external fecal fistulae Our w'ork was based upon 
17 cases of sigmoidocutaneous fistula due to diverticulitis of the sigmoid colon 
In each case a segmental resection of the colon was done at the Mayo Clinic 
Characteristically, the excised segment of the colon presented many diverticula 
The w'all of the bowel w'as involved m a chronic extramucosal proliferative in- 
flammatory process Commonly, areas of necrosis, abscess formation and per- 
foration were seen As with colonic diverticula, fistulae were more common in 
older than in younger men 

The symptoms of sigmoidocutaneous fistula were the presence of the fistulae, 
abdominal pain, constipation and chills and fever Each fistula follow'ed some 
type of surgical operation, usually incision and drainage for an acute suppur- 
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ative process within the abdomen These patients had had symptoms suggestu e 
of diverticulitis for an average of approximately 2 5 years when their fistulae 
developed The fistulae had been present for an average of approximately i 
years when the patients came to the clinic Roentgenologic examination of the 
colon was the most important aid in diagnosis and differential diagnosis Other 
types of internal fistulae were present in about one-third of the cases 

Fistulae of this type tend to close spontaneously and should be allowed 
ample time, approximately 12 months, to do so When surgical treatment is 
carried out, excision of the diseased segment of colon should be done and 
should usually be preceded by a temporary transverse colostomy made si\ 
months prior to resection The choice of procedure should depend on the 
conditions present m the individual case In this group of 17 patients vith 
sigmoidocutaneous fistulae there were 18 segmental resections of the colon 
with no operative deaths Sixteen patients were relieved of their external fecal 
fistulae 
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A NEUROGENIC FACTOR IN EXPERIMENTAL TRAUMATIC 
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AND 

R R Overman, Ph D 
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MEMPHIS TENNESSEE 

The purpose or the presejm i repori is to con elate and integrate a senes 
of investigations earned out between 1942 and 1947 to deteimine the role 
of the afferent nervous factor in experimental tiaumatic shock 

During World War I, it was found that in a gioup of 27 soldiers suffering 
from wound shock, ^ the total blood volume was 1 educed, and that the reduction 
111 volume bore a definite 1 elation to the seventy of the clinical state of the 
patient The question that lemained to be answeied is whethei 01 not, in these 
torms of shock, the complete traumatic syndiome can always be accounted for 
by the loss of circulating blood volume alone The investigations to be described 
weie undei taken to elucidate this point 

Cannon and Bayliss^ were the first group of investigators to estimate the 
loss of fluid into an injured part after tiaumatizmg the muscles of one thigh of 
the cat They determined the amount of bleeding by removing the two hind 
limbs by symmetrical cuts across the thighs and weighing them They stated 
that there was not sufficient bleeding into the wounds to account for the effects 
observed Again, in a later senes of experiments, Cannon® found that in some 
cases the difference in weight of the two sides was as low as 1 1 per cent of the 
estimated weight of the total blood of the animal and concluded that the 
development of the low blood pressuie after tissue injury was proved not to 
be due to fluid loss fiom the systemic circulation In 1930, Blalock^ and 
Parsons and Phemister® repeated the obseivation on dogs with amputation in 
the mid-abdominal region instead of across the thighs The difference in weight 
between the tw o halves was found to vary from 4 2 to 8 o per cent of the body 
weight with an aveiage of 5 i pei cent in a group of eight dogs reported b\ 
Blalock, and from 4 2 to 6 o per cent with an average of 5 3 per cent in the 
series of six dogs repoited by Parsons and Phemister These results indicate 
that severe muscle trauma to a thigh results in some bleeding and accumulation 
of fluid in the loose tissue of the groin and flank, which is not included in the 
amputated parts if the incision is made across the upper edge of the thigh The 
evidence advanced by these investigators suggests further that in semi e muscle 

* Submitted for publication, July, 194S 

t This work was carried out in the Department of Physiology, College of Physicians 
and Surgeons, Columbia University 
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trauma the local loss of blood and fluid may be sufficient ot itself to precipitate 
fatal shock Unfortunately, they made no direct measurements of blood i olunie 
changes Furthermore, these experiments were earned out on anesthetized 
animals, in which all compensator)'- mechanisms in i espouse to injun and 
blood loss are modified to a considerable extent " At any rate, the important 
question which remained unanswered is whether or not the amount of bleeding 
incidental to a model ate degree of muscle trauma is also adequate to account 
for the ensuing fatal syndrome 

Actual determination of the reduction of blood volume in various types of 
shock has been made by a number of workers ® But the methods have not 
been of sufficient accuracy to permit a quantitative study of blood loss m trau- 
matic shock RecentI) , Gregersen and his associates made a careful study of 
the dye (T-1824) dilution method in normal, hemorrhaged and traumatized 
dogs® as well as in the human patients They found that the blood volume 


Table I — Data on dogs with blood volume i eduction as a result of (a) simple hemorrhage, 
(b) muscle trauma, (c) sublethal hemotrhage plus sciatic stimulation, and (d) muscle 
trauma and chronic deaff ei entation {abstracted from JVang, etaD^' is) 



Hemorrhage 

Deafferentation 


Hemorrhage 

Muscle Trauma Plus Stimulation 

and Trauma 

Control blood volume (cc /kg ) 

97 9±1 3 

100 7±1 S 96 7d:l 5 

99 1±1 5 

Residual blood volume at 50% mortality 

59 1±2 9 

73 4±3 0 69 0±2 5 

64 7±1 8 

Percentage survival at 66 cc /kg residual 




volume 

76 ±8 7 

2S±8 3 37±9 S 

59*10 8 


determined with the dye method checked within 5 per cent of the value obtained 
with the improved CO method Using this standardized dye dilution method, 
Wang, et al compared the effects of reducing the circulating blood volumes 
in dogs by simple hemorrhage or by muscle trauma They reported a striking 
difference in the ability of these two groups of animals to withstand a specific 
loss of blood In dogs in which the blood volume is reduced to 66 cc per kg 
by simple hemorrhage the percentage survival is 76 — 8 7 
other hand, a similar reduction is effected by muscle trauma, the chance 
survival is only 25 ± 8 3 per cent (summarized in Table I) Hemorrhage 
animals have a 50 per cent mortality if the blood volume is reduced to ^9 ^ 

2 9 cc per kg , whereas in muscle trauma the same chance of survival pre\ ai s 
w'hen the residual volume is 73 4 ± 3 o cc per kg * This difference in t le 
ability of the two groups of animals to withstand blood loss could not )£ 
ascribed to the constant leakage of blood and fluid into the injured area sinc^ 
the blood volume remains fairly constant throughout the period of observation ^ 
Indeed, if W'ater is given to the animals six hours after trauma, the tota ci 
culating volume on the following day is not significantly altered rom 
determined tw'o hours after injury Theiejoie, the evidcuce clear \ m j — _ 

* The concept of selecting a 50 per cent mortality pom*- and comparing ^ 
the two procedures is an important one, for severe muscle trauma t lat pro u » ^ 
per cent mortality may conveniently result in an extensive blood loss com 
observed in animals suffering from fatal hemorrhage 

208 






A olunie 129 
dumber 2 


EXPERIMENTAL TRAUMATIC SHOCK 


that- the ability of heiiio) i haged dogs to zuitlistand a cntical quantity of blood 
losz IS stnkingly gieatci than that of dogs icceiving vniscle tiauiiia This fact 
was the basis foi iindci taking fuithei investigation of othei poinble factoi i 
Lonfiibnting to the high nwitality lafe in fianinaticed aminals 

As illustiated in Figure i, the tiaumatized animals as contiasted with 
hemoii haged animals have eail}^ tachycaidia exceeding 200 beats pei minute, 
high mean blood piessure, high hematociit values, and earl^ depiession of the 
cential nenous sistein The}' also showed high calculated peripheral lesis- 
tance^"’ and piolonged fluoiescein circulation time These differences suggest 


HEMORRHAGE 


NORMAL DOG H 13/^ 
WEIGHT 12 3 KGM 


TRAUMA WEIG^\^?0 7 KGM^ 


39 

3 


:Eit 


BLOOD VOLUME 
HEMATOCRIT % 
SERUM PROTEIN % 


BODY TEMPERATURE 


BEFORE AFTER 
90 62 

33 26 

4 9 4 2 



TIME IN HOURS 


BEFORE AFTER 

Blood VOLUME '*/Rcn 93 62 

HEMATOCRIT % 38 52 

SERUM PROTEIN iW / 5 5 6 3 



Fig I — Comparison of the clinical manifestations in a typically hemorrhaged animal 
(dog H 13) and a trpically traumatized animal (dog T 31) Note the characteristic 
sloAvly increasing tachycardia and low mean blood pressure level in the hemorrhaged 
animal which sur\i\ed The traumatized animal, despite its high (nearly normal) blood 
pressure lei el, died after 4 hours (from Wang, el al 


that the sympathetic nervous system is intensely active in traumatic shock 
The question arises as to whether 01 not intense sympathetic activity can be 
initiated by afferent impulses from the injuied areas 

Slome and 0 'Shaughness}h~ have showm that sliock can be produced in the 
cat by appropi late trauma to the perfused limb separated completely from the 
general circulation and communicating with the body only by means of its 
nerves Such a finding, though confirmed b} Lorber, Kabat and Welte,^® is not 
substantiated by Bell, Clark and Cuthbertson,^’’ nor by Blalock and Cressman 
In an} case, it is difficult to evaluate this type of experiment because it must be 
done undei deep naicosis On the other hand, a number of investi- 
gators^i' have stimulated the sciatic 01 other somatic afferent nerves in 

unsuccessful attempts to pioduce a depression of blood pressure and shock 
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Recently, Phemister and his associates'^- stimulated the sciatic nerves m 
rabbits under urethane and in dogs under sodium barbital and obtained onb 
pressor responses 

Statistical evaluation of the quantitative data on uncomplicated henior- 
rhage^^ enabled this laboratory to ascertain the ability of animals to withstand 
hemorrhage and thus to carry out a series of sublethal hemorrhage experiments 
coupled with continuous electrical stimulation of the sciatic nerves The 
stimulation was started immediately after hemorrhage while the animals vere 
still under the residual effects of ether anesthesia The mean blood pressure 
showed a large increase at first which is probably related to struggling V-ithin 
a minute or two, the blood pressure returned to a level 25 to 35 mm Hg abo\e 
the reading taken immediately before stimulus was applied The heart rates 
were maintained over 200 beats per minute In most instances these effects 


Table II — Comparison of changes tn hematocrit values and plasma piotem couceiilratwiis 
in dogs following (a) simple hemorthage, (b) muscle trauma, (c) sublethal hemorrhage 
plus sciatic stimulation, and (d) muscle trauma and chronic deafferentatwn {ahstraciei! 

from Wang, et al -®> < 2 ) 




Hemorrhage Plus 

Deafferentation 


Hemorrhage 

Muscle Trauma 

Stimulation 

and Trauma 


Hct Protein 

Hct Protein 

Hct Protein 

Hct Protein 


% Gm % 

% Gm% 

% Gm % 

% Gm % 

Control values 

41 9 5 8 

42 9 5 8 

44 7 5 7 

40 5 6 1 

s e 

11 0 1 

0 9 0 1 

10 0 1 

0 9 0 1 

Changes after injury 

-48 -09 

4 1 0 0 

-17 -05 

17-05 

s e 

0 8 0 06 

0 9 0 07 

0 7 0 05 

0 7 0 05 


persisted, for if the stimulus was suddenly discontinued at any time during the 
experiment both blood pressure and heart rate slowly decreased In this series 
of experiments with sublethal hemorrhage plus stimulation, the aveiage quan- 
tity of blood removed is 33 cc per kg , which is considerably smaller than that 
in the simple hemorrhage series (40 cc per kg ) , and the residual blood volume 
at the 50 per cent mortality point is 69 o ± 2 5 cc per kg , which is sig- 
nificantly higher than the corresponding value m the simple hemorriiage series 
(59 I ± 2 9 cc per kg , see Table I) The percentage survival at a residua 
volume of 6G cc per kg in this series (37 ±95 per cent) is also significant \ 
different from that in the simple hemorrhage series (76 ± 8 7 per cent) 
Thus, it is apparent, that at any given blood volume reduction, the abi it) 0^ 
the animal suffering simple hemorrhage to survive is significantly greater t lan 
either (a) the dog suffering muscle trauma or (b) tlie dog su enng 
sublethal hemorrhage and afferent nerve stimulation 

The data indicate cleaily that stiong sciatic stimulation plays 
lole 111 elevating the moitality late in animals vfith 1 educed hloo 
Howeveij m noimal animals electncal stimulation of the sciatic 
little effect, cei tainly it alone zvill not produce shock Indeed, zve 
been able by affeient nerve stimulation to put any dog zvith a les ua 
volume ovei 75 cc per kg into fatal shock 
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The clinical signs observed in the animals of the nerve stimulation senes 
were similar to those shown by traumatized animals early tachycardia (over 
200 beats per minute), relatively high mean blood pressure, early central 
nervous system depression and sudden death with a sharp decline of blood 
pressure (Fig 2) It may appear paradoxical that increased blood pressure 
following sciatic stimulation exerts 

a deleterious effect upon the condi- HEMORRHAGE T *^9 'o^kg'm 

tion of the hemorrhaged animal In- afferent nerve stimulation 


deed, in our experience the animals 
that give the most marked sciatic 
pressor responses are those that shon 
an early depression of the central 
nervous system and death In an 
animal with an already reduced 
blood volume, the cardiac output is 
decreased and the tissues anoxic If, 
through sciatic stimulation, the ves- 
sels are further constricted despite 
the resulting high blood pressure 
there will be a further reduction of 
peripheral blood flow, tissue damage 
and death The failure of previous 
wmrkers to produce shock by affei- 
ent nen^e stimulation can be ac- 
counted for by the following facts 
that they (a) used anesthetized ani^ 
mals in w^hich the metabolism and 
vasomotor reflexes are depressed, 

(b) did not use animals wuth a 
slightly reduced blood volume, and 

(c) expected an immediate depres- 
sor response following electrical 
stimulation of the somatic afferent 
nerves 

It has long been known that 
nearly all anesthetics depress vaso- 
motor reflexes In fact, as early as 


BEFORE AFTER 

BLOOD VOLUME, “Vkcn. 90 0^ 

HEMATOCRIT, % 42 4 3 

SERUM PROTEIN on % 6 8 6 3 
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Fig 2 — The clinical manifestations of a 
dog (S 2i) which has been subjected to 
hemorrhage and stimulation The blood vol- 
ume reduction is comparable with that m 
dog H 13 and dog T 31 Note the effect of 
stimulation of the sciatic nerves on the heart 
rate and mean blood pressure This figure 
demonstrates the similarities between this dog 
and the traumatized dog (T 31) in early 
tachycardia exceeding 200 beats per minute, 
high level of mean blood pressure and death 
with a rapid decline of the pressure (from 
Overman and Wang^s) 


1918, Wiggers^^ m his studies on shock remarked, “It seems probable that 
the potency of peripheral stimuli and trauma in producing reactions in the 
body leading to shock and circulatory failure depends, to a considerable 
extent, on how little the conducting mechanisms of the spinal cord and 
brain are depressed by the anesthetic ” And yet all investigators who 
attempted to produce shock by stimulation of the afferent nerves have given 
various anesthetics to the animals, perhaps in the belief that unanesthetized 
animals would be unmanageable if the afferent nerves were stimulated In our 
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expeiience, except foi initial stuiggling, the animals remained quiet tlioimh 
the efifect of reflex nociception was clearly maintained Expressions’ of mu 
could easily be obtained again if the stimulus were reinstituted after bemr 
briefly discontinued In view of the fact that pain receptors are believed to be 
slon adapting, the early disappearance of this sensation m these animals must 
be piesumed to be cential In this connection, it is mteiesting to note that 
seveie wounds m soldiers are often associated with little pain, even though tha 
aie not in shock at the time 

Investigatois have not pieviously attempted to pioduce shock by combiiutig 
hemoiihage and somatic afterent nerve stimulation One of the diiflciilties lias 
been the failuie to lecognize that even an important contributing ner\ous lat- 
toi to the development of shock might not alone be expected to produce a fatal 
outcome It is, honevei well known that fluid loss, important as it is, nia\ not 
alone pioduce fatal shock Once this fact is recognized, the production ot shock 
becomes a quantitative mattei and the precipitating factors may w ell be pres- 
ent each alone in sublethal quantity, the algebraic sum being sufficienth 
deleterious to lead to death A second difficulty faced by pievious investigators 
has been in the estimation of the degree of hemorrhage wdiich is sublethal It 
IS interesting that Mann-^ has said, “It is impossible to reduce the anesthetized 
animal to a state of shock by any degree of sensorjr stimulation provided all 
hemoiihage is pi evented ” Phemister and his associates-"' hemorrhaged 
animals to shock levels of blood pressure and then superimposed a further tall 
of blood pressure by aortic depressor nerve stimulation They likewise stim- 
ulated the sciatic nerves in anesthetized rabbits and dogs, and failed to obtain 
a fall in blood pressure throughout a period of one or more hours of stimula- 
tion Having failed to find the anticipated depressor response to sciatic stim- 
ulation, they did not proceed to combine stimulation and hemorrhage 

RecentI)’’ Tiueta, et reported a diversion of the intra-renal blood 

flow^ from the coitex to the medulla, wuth a subsequent variable cortical 
ischemia, as a result of hemorrhage, muscle trauma, or stimulation of the 
central end of the divided sciatic nerve This information is interesting because 
it shows that sciatic stimulation may produce a change in renal circulation 
identical to that produced by hemorrhage oi muscle trauma Further, the 
resulting ischemic kidney tissue might contribute one or more chemical factors 
m addition to the nervous pressor eflfect of somatic afferent stimulation 
How'^ever, the importance of these newd}^ discovered phenomena m the sioc 
syndiome has 3’'et to be ascei tamed 

Although aftei ent nerve stimulation in sublethally hemoi rhaged dogs pro^ 
duces alterations in mortality rate and in the clinical signs of shock 
bring such animals into close resemblance wuth traumatized dogs, 
experiments are open to certain criticisms First, exposure of the sciatic ner ^ 
entails a certain amount of trauma and secondly, electrical stimulation 
highly artificial stimulus Therefore, it is pertinent to make as a cow 
followung observation, i e , the effect of deafferentation on the course o 
matic shock to show if traumatized deafferent animals have a morta i ) 
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and a clinical shock syndrome similai to hemoirhaged animals jSIany woikeis 
have attempted to interrupt the pathways which carry nociceptive impulses 
centrally from the region of iiijury,^'^’ but most of them also have 

used general anesthesia The results have been diversified and often conflicting 
S^^ ingle and his associates®’^’ have studied the effect of exclusion of the 
afferent impulses m traumatic shock and have reported that many deaths aie 
prevented by local procaine anesthesia Howevei, one is foiced to accept these 
results with leservations for there is no adequate objective proof that the 
severity of injury was exactly the same as m the control experiments The 
cnteiion used was to traumatize the animals until the mean blood piessuie A\as 
reduced to 70 mm Hg 01 louer Since the affeient impulses yield, as we 
believe, a reflex pressor effect instead of a depiessoi lesponse, trauma given to 
the procainized hindlegs which results 111 a fall of blood pi essui e to 70 mm Hg 


Table III — Data oh tianmatiaed dogs in zvJuch the hmdlcgs have been tnfilfjated with 
procaine {4 per cent solution), including changes m blood volumes, hematocut values and 

plasma protein concent) ations 


Dog 

No 

and 

Sev 

Body 

Wt 

l^g 


Control 


After Muscle Trauma 


Change 

Tate 

B V 

CC /Ivg 

Hct 

% 

Prot 
Gm % 

B V 

CC /kg 

Hct 

% 

Prot 
Gm % 

B V 
% 

Hct 

% 

Prot 
Gm % 

P 1 9 

10 0 

126 

4S 0 

5 8 

92 

46 7 

6 0 

27 

1 7 

0 2 

Survived 

P 2 

9 4 

113 

55 0 

5 5 

85 

55 0 

5 4 

25 

0 0 

-0 1 

Died 3 7 hr 

P 3 9 

12 4 

121 

49 1 

6 6 

81 

SI 9 

6 5 

33 

2 8 

-0 1 

Died 6+ hr 

P 4 9 

7 9 

100 

48 2 

5 5 

76 

SO 4 

5 4 

24 

2 2 

-0 1 

Survived 

P S cT 

8 8 




75 

52 0 

5 5 




Died 6+ hr 

P 6 c? 

16 8 




74 

45 7 

6 5 




Survived 

P 7 & 

12 4 

104 

49 6 

5 5 

66 

44 6 

5 0 

37 

-5 0 

-0 5 

Died, 5 3 hr 

P 8 9 

11 1 

102 

47 9 

6 1 

64 

48 2 

5 2 

37 

0 3 

-0 9 

Died, 5 2 hr 

P 9 9 

11 0 

94 

39 0 

5 7 

63 

38 1 

5 3 

33 

-0 9 

-0 4 

Died 2 7 hr 

PIO 9 

9 2 

111 

44 1 

6 1 

63 

42 7 

5 3 

43 

-1 4 

-0 6 

Died, 6+ hr 


is generally not as seveie as that which lesults 111 a siiiiilai tall of blood pies- 
sure in a non-pi ocauuzed animal We have, thei efoi e, repeated these experi- 
ments including measurement of contiol and residual blood volumes in an 
effort to standardize the degree of blood loss (Table III) The pioceduie 
involved in local procaine infiltration is simple Fuithermoie, procaine is an 
ideal diug since in suitable doses it selectively blocks impulses in the pain 
fibei s On the other hand w’e often experience difficulty in deciding upon the 
dosage to be given and it must likewise be appaient that procaine in laige 
doses may have some undesiiable side effects on the neuro-cii culatoi y sjstem 
of traumatized animals 

With these leservations in mind, a leview^ of oui senes of pi ocauuzed 
traumatized dogs reveals that although seveial of these animals show’ed less 
excitement duiing the period of incipient shock and slower heait rates com- 
pared with the untreated animals in traumatic shock, the chances of survival 
foi these pi ocaine-ti eated animals weie not enhanced when the blood volume 
was reduced to the same extent as in the non-pi ocauuzed controls 
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In another series of experiments it was found that sectioning the spinai 
cord at the level of T^o-ia following muscle trauma did not benefit the animals 
(Table IV) Swingle and co- workers^® were similarly impressed by data on 
dogs transected just previous to the trauma procedure In the series reported 
here, several animals died so soon after the transection that there vas insuffi 
cient time for a second blood volume determination It appears then that acute 
spinal transection is too drastic a procedure for traumatized dogs to withstand 
In a third series of experiments, chronic spinal animals were used * Again it 
was found that death following muscle trauma is not prevented in such prep 
arations (Table V) The difficulty has been that spinal animals are not able to 
micturate adequately by themselves and are prone to develop cage sores Con- 
sequently, most of the muscle trauma experiments were carried out in the first 


Table IV — Data on traumatised dogs m whtch the spinal coid was severed at the Irecl 
of Til following muscle Uauma, including changes in blood volume, heniatocni values 

and plasma piotein concentrations 


Dog 

No 

and 

Sex 

Body 

Wt 

1-g 


Control 


After Muscle Trauma 


Change 

Pate 

B V 
cc /kg 

Hot 

% 

Prot 
Gm % 

B V 
cc /kg 

Hct 

% 

Prot 
Gm % 

B V 
% 

Hct 

% 

Prot 
Gm % 

TS 1 o’ 

11 8 

99 

40 8 

5 9 

84 

SO 8 

6 4 

IS 

10 0 

0 5 

Sur\i\cd 

TS 2 c? 

10 9 

109 

38 2 

7 7 

83 

39 6 

7 4 

24 

1 4 

-0 3 

Sunned 

TS 3 9 

14 3 

122 

50 5 

6 2 

78 

48 9 

6 0 

36 

-1 6 

-0 2 

Died S S hr 

TS 4 c? 

16 1 

100 

42 6 

6 4 

76 

37 3 

5 4 

24 

-5 3 

-1 0 

Died 2 4 hr 

TS 5 9 

13 0 

114 

38 8 

S 3 

75 

50 0 

5 9 

34 

11 2 

0 6 

Survived 

TS d cf 

13 9 

84 

51 2 

6 2 

74 

62 8 

6 4 

12 

11 6 

0 2 

Survived 

TS 7 cT 

9 8 

100 

43 6 

5 7 

74 

47 5 

5 7 

26 

3 9 

0 0 

Died 6+ hr 

TS 8 9 

7 8 

109 

57 4 

5 6 

74 

53 3 

5 3 

32 

-4 1 

-0 3 

Died 2 3 hr 

TS 9 cT 

9 0 

111 

36 2 

6 0 

74 

41 8 

6 3 

33 

5 6 

0 3 

Died 2 5 hr 

TSIO o’ 

8 0 

93 

35 1 

S 3 

59 

35 5 

5 0 

37 

0 4 

-0 3 

Died 4 2 hr 


postoperative week during which the animals had not fully recovered from tin. 
operation, as evidenced by a decrease in bodj' weight (Table V) and a low 
control blood volume in several of these dogs Nevertheless, these animals 
showed a slight degree of tachycardia and low mean blood pressure, and the 
central nervous system was not depressed until death was clearly imminent 
(see Fig 3) In other words, chronic spinal animals presented a shock sjn 
drome following muscle trauma, which was very much like that which occurrec 
in the normal animal wuth a similar reduction of blood volume by hemorrhe^e 
However, the mortality rate of traumatized spinal animals did not i 
significantly from that of traumatized normal animals 

From these series of experiments on acute and chronic cord transec ion 

* This senes of experiments (Table V) were performed w'lth the collaborat 
Professor Walter S Root In several of these dogs, the lumbar sympat ictic 
extirpated approximately 2 weeks before the spinal operation in order ^ 
visceral afferent fibers in the chains No differences in symptomato og> o 
trauma were observed in these animals and m animals in which on v c 
was transected 
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It may be inferred (a) that acute spinal transection is not a desirable expeii- 
mental procedure to eliminate afiteient impulses from the injured region in 
traumatic shock and (b) that animals need a longer period than a few days foi 
recuperation from the effects of a majoi surgical procedure The operation 
designed to meet these requirements is a complete deafferentation of both 
hindlegs, leaving only the three sacral dorsal loots on one side intact to pre- 
serve the function of mictuiition Although the operation is much more exten- 
sive than simple tiansection of the spinal cord, it has definite advantages in 
'that such animals are deprived only of afferent pathways and their postoper- 
ative course is relatively uneventful because voluntary micturition is preserved 
The general condition of these animals, at the tune of the traumatic procedure, 
w as good as indicated by the noi mal body weights and blood volume * 


Table V — Data on chiomc sptual dogs bejote and ajfet fiamna, mclxidinq changes m blood 
volumes, heniatocut values and plasma piotem concenfraftons 

Dog Control After Muscle Trauma Change 

No Bodi 


and 

Sex 

Wt 

kg 

B V 
cc /kg 

Hct 

% 

Prot B V 
Gm % cc /kg 

Hct 

% 

Prot 
Gm % 

B V 

% 

Hct 

% 

Prot 
Gm % 

Tate 

ST 1 cf 

11 1(11 4)'*' 

107t 

47 9 

5 

9 

87 

48 4 

S 9 

19 

0 5 

0 0 

Died 5 6 hr 

ST 2 o' 

7 5( 7 8) 

98 

52 6 

6 

4 

84 

53 6 

6 5 

14 

1 0 

0 1 

Died 3 1 hr 

ST S 9 

14 2(14 6) 

109 

53 5 

6 

6 

82 

52 8 

6 0 

25 

-0 7 

-0 6 

Survived 

ST 4 9 

8 9(10 0) 

111 

49 1 

5 

7 

79 

43 1 

5 5 

29 

-6 0 

-0 2 

Died 3 8 hr 

ST 3 & 

13 5(14 6) 

117 

45 3 

6 

I 

73 

48 2 

6 0 

38 

2 9 

-0 1 

Survived 

ST 6 cf 

10 7(11 3) 

96 

43 3 

5 

9 

71 

40 8 

5 4 

26 

-2 5 

-0 5 

Died 4 4 hr 

ST 7 o' 

11 7(12 0) 

102 

52 4 

6 

4 

70 

48 4 

6 0 

31 

-4 0 

-0 4 

Survived 

ST 8 cf 

12 6(13 1) 

92 

45 4 

6 

0 

69 

50 0 

5 8 

25 

4 6 

-0 2 

Died, 5 0 hr 

ST 9 o' 

12 8(13 2) 

94 

40 9 

5 

8 

67 

39 0 

5 3 

29 

-1 9 

-0 5 

Died 2 0 hr 

ST 10 9 

10 6(10 8) 

80 

40 5 

5 

8 

63 

38 9 

5 5 

21 

-I 6 

-0 3 

Died 3 0 hr 

STll d" 

9 4( 9 5) 

100 

37 7 

5 

7 

63 

39 4 

5 5 

37 

1 7 

-0 2 

Died, 6-f hr 

ST 12 o' 

13 4(14 0) 

84 

45 6 

6 

4 

62 

45 1 

6 1 

26 

-0 5 

-0 3 

Died 6+ hr 

ST 13 o' 

12 8(13 1) 

88 

35 0 

6 

0 

61 

37 2 

5 9 

31 

2 2 

-0 1 

Died, 6+ hr 

ST14 (f 

10 0(10 5) 

94 

42 3 

5 

9 

60 

42 6 

5 5 

36 

0 3 

-0 4 

Died 4 8 hr 

ST15 o' 

8 7( 9 0) 

79 

44 3 

6 

4 

59 

44 0 

6 3 

25 

-0 3 

-0 1 

Died, 2 0 hr 

ST 16 9 

9 6(10 0) 

87 

48 3 

6 

9 

57 

52 6 

6 4 

34 

4 3 

-0 5 

Died 4 3 hr 


Body weight at time of spmal transection 

t The blood volume is calculated on the basis of the body weight at the time of trauma experiment 


* Phemister, ef al have sectioned aseptically all the dorsal roots on the left side 
below Ti 2 in 4 dogs They reported that these dogs tolerated trauma and blood loss in 
the deafferent region no better than did the normal dogs Unfortunately, trauma experi- 
ments were performed only 4 hours to 6 days after the operation It is also of interest to 
note that in 3 out of the 4 dogs, considerable hemorrhage occurred during the deafferen- 
tation operation, and that equivalent transfusion had to be given in an attempt to replace 
the lost blood However, animals following extensive laminectomy for the exposure and 
section of all the dorsal roots of a hindlimb need relatively long period for recuperation, 
since our dogs, despite negligible blood loss during the operation, showed continued weight 
loss for the next 7 to ro days and a return to control body weight and control blood 
volume did not occur until the 4th \veek, indicating that recovery of these anipials could 
not be attained within a few da\s 
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BLOOD volume et/nsm 9G 71 

HEMATOCRIT X 43 41 

SERUM PROTEIN, 54 
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WANG AND OVERMAN 
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The results of the tiauma expeiiments uhich weie performed m thr 
deafferent animals have been reported in detail elsewhere '■i- In bnef th 
residual blood volume at the 50 per cent mortality point in this senes oi to 
dogs IS considerably reduced (647 ± i 8 cc per kg, see Table I) as com 
paied with the value in the normal trauma series (73 u ± 3 0 cc per U) 
The difference between these two values is statistically significant Also file 
percentage survival at a residual volume of 66 cc pei kg m the deafferent 
(59 ±108 per cent) is significantly higher than the ^allIe in 

the normal tiauma senes (25 ± 8 ^ 
per cent) Oui data indicate clcailx 
that animals simvivc muscle tiauma 
zvith a gieatei 1 eduction of blood 
volume if the affeient impulses ft ow 
the injmed aiea aic mfeiniptcd b\ 
picvwus deaff dentation The affci- 
ent impulses fiom the injuted icqion 
must have played an impoitant tole 
in bunging about the high inoilahlv 
of ti aiimatic shock in noi mal aiiiiiiaU 
The clinical pictiiie of the deat- 
fei ent dogs follow ing muscle tranina 
(Fig 4), like that shown b) the 
spinal prepaiation (Fig 3), closeh 
lesembles that of simple henior- 
ihaged animals (Fig i) <1 
gioup^ the deafteient dogs had a 
tach) cai dia of less than 200 beat‘> 
]5ei minute 01 such a heait late was 
attained onl)'- some time after injtin 
The deafteient dogs weie tisiialh 
not lestless, and were not depressed 
until innnediatel} befoie death hi 
these animals the mean blood ])re‘-- 
suie was usualF ver) low' iniinedi- 
ately aftei muscle tiauma hi the 
senes of 30 deafteient dogs 14 

mean blood pressuies of less than 70 mm Hg within the first halt hour follow 
ing injury Six of these survived On the othei hand, in a laige senes of o\cr 
100 muscle tiauma expeiiments on normal animals acLumulated in this lahora 
tory only thiee clogs survived wdien the initial mean blood pressure was rec ucec 
below' 70 mm Hg This suggests that the piocedure of muscle contusion n 
two concuirent efteLts on the mean blood piessuie level (a) the rtduetion i'^ 
circulating blood volume causes a 1 eduction of the mean blood piessure 
the local somatic aftei ent impulses pioduce an elevation ot blood h' j. 
some animals the lattei effect is so dominant that the blood piessure is nt, 
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Fig 3 — The clinical manifestations of a 
chionically spinal transectioned dog (ST 6) 
which has been subjected to muscle trauma 
6 days aftei transection Tins animal show'ed 
a high heait rate a low' mean blood pressuie 
and a loss of o 6 kg of body w'eight on the 
day of trauma expenment Nevertheless, fol- 
lowing muscle trauma, it show'ed a slow’h 
increasing tachycardia and low mean blood 
pressure, w'hich are often observed m the 
hemorrhaged dogs (see dog H 13, Fig i) 
But this dog did not survive 
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aftei tianmatic mjiu} than the control Although the blood piessure of the tiau- 
niatized normal animal is liighei than that shown by the deafferent dogs m 
w'hich an equivalent reduction in blood volume has been produced by muscle 
tiaiima, the chances of suivival of the former group are not any better, indeed, 
these chances aie defimtel}^ worse It is the quantity of blood fioiu to the 
vnpoitant tissues lafhei than the blood piessine alone zvJuch is the mipoitant 
facto) in detei nulling the fate of 
animals in shock Oiu data again in- 
dicate that a^'eient impulses lefleily 
Cl cite the sympathetic neivom sys- 
tem and thus may exeit a deti iniental 
effect on the tianmaticed animals by 
a fill the) 1 eduction of the tissue 
blood floxv, this being the lesidt of 
inc) eased peiipheial vasoconstiic- 
tion 

Fluid shifts as eftected by 
clianges in capillaiy hydiostatic pres- 
sure and leflected in altered hema- 
tociit values and plasma protein con- 
centiations aie likewise in agi ce- 
ment with the contention that aftei - 
ent impulses stimulate the s}mpa- 
thetic neivous S3fstem It has been 
shown that sciatic stimulation in the 
sublethallj hemoiihaged dog de- 
ci eases the inflow ot fluid into the 
blood stream and inci eases splenic 
conti action { see Table II) On the 
other hand, in tiauniatized animals 
in which aftei ent impulses tiom the 
injiiied aiea have been excluded, there appeals to be a moie appieciable fluid 
shift into the plasma compai tinent and a lessei contiaction of the spleen 

The sympathetic neivous s)stem is stimulated by the buftei neive mech- 
anism m shock produced eithei b) hemorihage oi by muscle tiauina'*'* It has 
been shown by Fieeinan. et al that a totally s} mpathectoinized animal, though 
able to toleiate a low piessine foi a long tune, is not able to wuthstand an 
equivalent volume of blood loss as a noiinal animal Thus, it is evident that 
the sympathetic vasoconstiictoi effect is a compensatoiy mechanism, adapting 
the capacity of the sistem to the available volume of blood within it Since 
additional vasoconsti iction is associated with aftei ent stimulation and since 


a 

TIME 


3 4 

N HOURS 


Fig 4 — The clinical manifestations of a 
chionically deafferented dog (D 22) which 
has been subjected to muscle tiauma The 
blood volume reduction is comparable with 
that in dog H n and dog T 31 (Fig i) 
Note tlie slowlj inci easing tachycardia and 
low blood pressure level m this dog and 
compare it w ith that m the hemorrhaged dog 
H 13 Like dog H 13, D 22 survived the 
injuri (from Wang^-) 


While the increased hematocrit in the tiauma series and in the hemorihage plus 
stimulation senes (compared with that m the deafferent series and the simple hemorrhage 
senes respectively) may le a liabibti, it is not of sufficient magnitude to alter the 
Mscosity to such an extent as to be a factoi lesponsible for the increased mortaliti rate 
in the foi mci tw o series ■*'’ 
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this more intense constriction develops much earlier m the clinical course than 
that associated with simple hemorrhage, a reduced volume flow over a rela- 
tively long period of time is the result And although the early vasoconstriction 
of traumatic shock results initially m a higher blood pressure, its insidious 
action in contributing to prolonged tissue anoxia cannot be ignored AVliile 
certain aspects of this concept are not new,'*^ emphasis should perhaps be placed 
upon the early development of an intense constriction associated with trainna 
and its maintenance throughout the clinical course Likewise, one might point 
out that adequate lestoration of blood volume, undei taken siifflciently earK 
before irreparable anoxic damage has occurred, should lead to recoveiy Thus, 
although afferent impulses might appear to be of secondary importance to the 
reduction of blood volume, they nevertheless contribute deleteriously to the 
course of many traumatized animals and, indeed, m sublethal hemorrhages ma} 
well be the final precipitating cause of fatal shock 

It would be unwise to assume that a factor which is of predominant impor- 
tance in contributing to the fatal course in one type of traumatic shock is 
necessarily of equal importance in shock produced by other traumatic means 
For instance, in shock caused by tourniquet or crush, the increased apparent 
viscosity factoi due to increased hematocrit values must also play a veq 
impoitant role m contiibutmg to failure of blood fiow^®’^®’®'* In burn shock 
there is, in addition, a toxic factor Human traumatic shock usually involves 
some external hemorrhage and the complication of bone fractures On the 
other hand, hemorrhagic shock always involves some degree oi trauma or path- 
ology leading to the loss of blood Furthermore, in many reported cases of 
shock in the human, the necessity of early therapy complicates the analysis of 
the relative importance of the contributing factors as well as the mortalit}' rate 
Richards and his colleagues^^’ have, however, presented a senes of veil 
documented reports, comparing the pathologic physiology of various types of 
shock in man, in v Inch measurements were earned out previous to any thera- 
peutic intervention In a Harvey Lecture,®^ Richards reported that arterial 
blood pressure tended to be less depressed m hemorrhage, and calculated 
peripheral resistance therefore higher (as compared with skeletal trauma) 
This IS m contiadiction to what we have observed in the canine evpen 


ments This difference could be conveniently ascribed to differences in 
the neuro-circulatory mechanisms of man and dog However, Richards an 
his collaborators®'^ have more recently collected 26 cases of skeletal trauma in 
shock and nine cases of external hemorrhage in shock The average 0 a 
blood volume values per square meter of body surface area in both groups uere 
about the same, 1910 cc for the trauma cases and 1997 cc for the 
cases For the former group, the systolic blood pressure was 76 mm g, 
tolic 40 mm Hg and cardiac index 2 16 liters per mm per squwe me er , 
the latter group, systolic 76, diastolic 43 and cardiac index 2 42 T 
hemorrhage group has a slightly lower calculated peripheral 
trauma gioup, but the difference is not significant sef,es 

explanation for the relatively high blood pressure in the hemo g 


218 



Volume 129 
Number 2 


EXPERIMENTAL TRAUMATIC SHOCK 


reported m his Harvey Lecture,®^ that the gastro-intestinal and external 
hemorrhage subgroups were lumped together, and several of the gastro-intes- 
tmal cases were slow or chronic bleeders and had m part compensated for their 
blood loss Whatever the explanation, it is important to stress the fact that one 
rarely encounters a clear-cut hemorrhage or trauma case in a patient as one 
does in experimental animals 

In any case, the fact that patients aie frequently m shock following trau- 
matic injury with little loss of blood continues to be the experience of many 
surgeons And it is certainly true that painful stimuli in the human also give 
rise to an immediate pressor response There is, therefore, some basis for 
inferring that similar differences exist between hemorrhagic and traumatic 
shock m man and that, if such differences exist, they are of similar etiologic 
origin to those described here in the dog 

It IS well, perhaps, to point out that our data are not to be interpreted as 
illustrating or accounting for all of the differences in causative mechanisms 
between traumatic and hemorrhagic shock Indeed, afferent impulses appear 
to explain only in part the differences in mortality rate as well as the dissimi- 
larities in clinical manifestations of these two groups of animals For example, 
although the mortality rate of hemorrhaged dogs is increased by the addition of 
sciatic nerve stimulation, it does not attain the level of the traumatized group 
Similarly, the deaffeient animals withstand muscle trauma with a greater 
blood volume reduction than normal dogs undergoing the same procedure, but 
again do not survive an equivalent volume reduction as do animals following 
uncomplicated hemorrhage Such quantitative obseivations indicate that per- 
haps still another factor or factors contribute to death m traumatic shock The 
other most prevalent one m the literature is a toxic factor, although experi- 
ments designed to prove the existence of this component are difficult to inter- 
pret and the evidence thus far accumulated is not conclusive 

Recently, Aub, et al reported that ischemic muscle is an excel- 

lent medium for toxin production by Clostridmm welchu which is normally 
found in dog muscle and skin They further reported that the injection of fluid 
collected from such muscle, especially when artificially reinforced with exoge- 
nous clostridial toxin, resulted in a shock state similar to that of traumatized 
animals with the salient exception that the injected dogs showed an intense 
hemolysis Aub, ef al showed, however, that animals suffering from ischemic 
muscle damage with subsequent exudation and reabsoiption of the exudates 
were able to withstand graded hemorrhage to an equal total loss of vascular 
fluid as normal dogs They concluded, therefoie, that the experiments failed 
to demonstrate the presence in the general circulation of any noxious substance 
liberated from the ischemic muscle which accentuates the appearance of shock 

We could not, of course, rule out the clostridial toxigenic factor in our 
experiments However, the short survival time (average 4 hours, range 2 to 
6 * hours) and the presence of but slight hemolysis which was incident to the 
traumatic procedures are observations which are at variance with those found 
following the injection of exotoxm In ordei to ascertain the importance of the 
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role of the clostridial toxic factor it would be necessary to stud) the protectue 
action of polyvalent gas- gangrene antitoxin, and to compare the mortalit} rate 
and clinical manifestations of treated traumatized animals with those of trau 
matized controls 

Howevei, in evaluating the afferent nervous factoi in our experiments, the 
fact that the deaffeientation conferred upon these animals the ability to with- 
stand muscle trauma with a gi eatei loss of blood volume than normal trauma- 
tized dogs — m neither gioups were possible bacterial contaminants excluded— 
indicates clearly the importance of a neurogenic component in experimental 
traumatic shock 


SUIMIMARIES AND CONCLUSIONS 


1 Quantitative studies are presented which reveal a statistically significant 
difference in mortality rate between groups of hemorrhaged dogs on the one 
hand and traumatized dogs with equal blood volume reductions on the other 
This indicates that loss of circulating volume alone is not adequate to explain 
the high mortalit}' late in experimental traumatic shock 

2 Certain other differences m the clinical manifestations were observed in 
the tv 0 groups of animals, indicating an earlier and more intense activity of 
the sympathetic nervous system in the traumatized group 

3 Animals subjected to sublethal hemorihage followed by prolonged 
stimulation of the central ends of the cut sciatic nerves showed a mortalitj rate 
significantly higher than that of animals with an equal blood volume reduction 
from hemoiihage alone The clinical signs exhibited by this gioup were closeh 
similar to those shovn in the tiauma series 

4 In anothei senes of animals in which tiauma vas piolonged after pre- 
vious deaffeientation of the hind limbs, the mortality rate at a given level oi 
blood volume i eduction was significantly reduced fiom that shown by norma! 
tiaumatized dogs The clinical signs exhibited by this group were closely sim- 
ilar to those shovMi by the hemorrhaged animals 

5 These studies indicate that an afferent nervous factoi, second m iinpor 
tance to blood loss, is an essential causative mechanism m experimental trau 

matic shock . 

6 Fiom numerous diffeiences in clinical manitestations between tic 
hemorrhage and deafferent-trauma groups on the one hand and the traunx^ 
and sublethal hemorihage plus sciatic stimulation gioups on the other, i 
postulated that afferent impulses aiising in the aiea of injury reflexlv 

an intense and prolonged activity of the sympathetic neivous system 
such sympathetic activity operates to maintain a highei blood 
and may indeed be considered a compensatoiy mechanism early m je 
syndrome, the extreme and lasting vasoconstriction may become na ' 
mental to the animal through furthei reduction in tissue blooc ow 


sequelae — tissue hypoxia and acidosis 

7 The relation of these expeiimental observations to 

syndiome in man is review^ed 


the traumatic shock 
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A DISCUSSION OF TENDON REPAIR 

WITH CLINICAL AND EXPERIMENTAL DATA ON THE 
USE OF GELATIN SPONGE* 

H Minor Nichols 

Portland, Oregon 

The REPAIR or tendons m the hand calls for a variety of surgical technics 
The problem is quite different in the finger, in the palm, m the wrist and on the 
back of the hand The poorest results are in the ensheathed portion of flexor 
tendons These cases frequently end up with an amputation Although an 
amputation of a finger with a damaged flexor tendon is often desirable m a 
manual laborer, it may mean the loss of ability to earn his living m a skilled 
workman and where there are multiple injuries, repair may be imperative 
The causes of failure in the repair of ensheathed tendons are inherent in 
the structure of the tendon itself This highly specialized physiologic unit is 
essentially an untwisted cable of fibro collaginous material covered by a single 
layer of easily damaged flattened cells It glides m a tube-like sheath of 
similai material which is alternately thinned out over the joints and thickened 
along the shafts of the bones The blood supply to an ensheathed tendon as 
commonly described consists of vessels earned in the viniculae (which con- 
stitutes a meso tendon) and of a central vessel in the tendon After examining 
microscopic cross sections of at least 20 damaged tendons, I have been unable 
to identify the central vessel in any of them and I am convinced that this 
vessel IS missing or becomes thrombosed following an injury 

When a tendon is severed the ends retract and considerable additional 
trauma is inflicted before the ends are recovered and reunited by suture Experi- 
mental evidence^ has shown that a tendon in healing first becomes a part of the 
surrounding tissues and later as the result of stimulus to function develops a 
new gliding mechanism Unfortunately, it often happens that the traumatized 
tendon swells and becomes ischemically strangled in the tightly fitting sheath, 
and finally heals with dense adhesions to the sheath Many of these adhesions 
were foimerly blamed on infection but elimination of infection has not brought 
success in repairs although its presence certainly is disastrous 

Some adhesions may be present in certain locations without entirely 
limiting function For example, a repaired profundus tendon may be partially 
adherent in the middle segment of the finger and still activate the end phalanx 
satisfactorily This is because the tendon needs only a short gliding action 
here to mobilize its phalanx The poorest results in tendon repair are obtained 
when the junction is made over the metacarpal heads and at the base of the 
fingers Any limitation of glide here interferes seriously with finger action 
There is no angle of pull to free the tendon here and the tendon distal to the 
repair also becomes adherent, thus a stiff finger is the usual result 

* Submitted for publication, June, 1948 
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Fig 3 — Biopsy at one month showing no leaction about tendon Sponge 

absorbed 



Fig 4 — End-to-end suture showing extensive fibrosis 
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The principles undei lying the repair of tendons have, as their basis tiie 
attempt to avoid adhesions m the dangerous areas In the palm, tendons niav be 
sutured and the repair protected from adhesions by using lumbricales muscles 
At the distal phalanx no motion is necessary, hence suture m this location h 
usually successful In an attempt to avoid suture in the unsuccessful locations, 
various authorities have advocated removing the damaged tendon and replacin'^ 
It with a graft which is sutured in place in the palm and at the distal phalanx 
Mayer^ and Thatcher® first insert a tube or rod to form a new tendon sheath 
later drawing the graft through this new channel Bunnell'* prefers to graft in 



Fig s — D og at two weeks showing sheath sht — no reaction about tendon 

a complete unit of tendon and tendon sheath such as the palinaris 
Its paratenon Unquestionably these methods have much to recommen 
and there are many situations xvhere they provide the only possible , 
repair The principal objection to the use of grafts m ensheathe 
repairs is that the graft is poorly nourished at first and must depen on 

surrounding tissues for its blood supply oriiuan 

The trend in recent years has thus been more or less aw a) 
repairs of ensheathed tendons Isehn,® Dudley, ° Handheld Jones, 
and other surgeons experienced in this field have definite^ given up P 
suture On the other hand Bunnell and Koch® and Mason stil pro 
repair but set a time limit on the interval betw een laceration an rep 
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tainly infection in any case is disastrous The authoTs experience is that an 
empty tendon sheath may get infected with results as damaging as a filled one 
The trauma of the operative repair simply complicates this infection and makes 
it worse Rarely, a primary repair is successful enabling function to be restored 
earlier, more completely and much more simpty 

When a primary repair is undertaken, some additional procedure is usually 
done to prevent adhesions from completely limiting tendon motion Bunnell 
recommends slitting the tendon sheath m the segment involved Koch and 
Mason excise a window m the sheath ovei the repair site In either primary oi 



Fig 6 — Dog at one month Tendon free 

secondary repairs, fat or fascia have been w'rapped about the tendon junction 
and a variety of foreign substance such as amniotic membrane, cellophane, 
tantalum, foil, etc , have been tried to prevent the healing tendon from becoming 
adherent Under any circumstances a good tendon is essential if a successful 
repair is to be effected A scarred tendon lying in a scar tissue bed wull inevit- 
ably become adherent The success or failure of any foreign material intro- 
duced would certainly seem to depend on the ability of the body to convert this 
material into tendon sheath-like tissue 

One simple method of tendon repair which avoids the difficulties of either 
graft or end-to-end suture is the so-called tendon advance operation described 
by Cutler,^” and referred to by Littler^^ but otherwise rarely mentioned in the 
literature In this procedure the proximal tendon stump is brought dow n and 
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sutured to the distal stump as close to its insertion as possible, excising tl'c 
distal tendon between the point of laceration and the distal digital crease Thu 
maneuver places the tendon juncture at the distal crease uhere no motion s 
needed and avoids the laceration area u here alhesions are sure to form 
I have used this method successfully on about 15 cases since 1944 prac 
tically, this procedure is most useful when the profundus tendon is seieredin 
the middle segment of the finger Theoretically, it might also be used to gne 



Fig 7 — Technic of tendon advance operation ^ Midlateral incision h 
Dissection of scar tissue C Tendon freed 


motion to the middle joint when the profundus is severed within an 
middle crease, since the tendon can usually be advanced about an me 
practice a graft is usually used m this area 

In doing secondary repairs, the following technic is used (See 1 I's r 
The finger is opened through a mid lateral incision and the ten 
detached from the bony phalanx along one side All scar tissue is e\ci 

the tendon ends dissected out so that good tissue is crease 

proximal tendon stump can then be drawn down to the distal igi a 
the wrist and finger flexed, the advancement operation can e earn 
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success A considerable tension is present in some of these cases the tendon is 
secured by w ire passed through a drill hole m the phalanx A heavier wire than 
IS usually described is used for this anchoring suture and it is inserted in such 
a way that it can be removed from the distal end This allows the wure to be 
left in place a month if necessary w ithout forming adhesions or causing infec- 
tion Before closing the incision, the exposed tendon is surrounded with strips 
of gelatin sponge 

The wound is closed wuth external sutures only, leaving the lemaimng 
tendon sheath slit throughout its length The hand is dressed in a plastei 



Fig 8 -1 echnic of tendon advance operation A Suture inserted Phalanv 
drilled B Tendon advanced to new insertion C Method of inserting suture 


mould wuth the wrist flexed Active exercises are started after the skin wound 
heals, the patient being first instructed to attempt to gently, actively, straighten 
the finger 

The gelatin sponge was first used to control hemorrhage from the bare 
area left after excision of the scar Later, it was found that these fingers had a 
better range of motion than w^as expected To substantiate this clinical finding 
the followung animal experiments w'ere carried out Six healthy dogs were 
used and the achilles tendon was exposed, wrapped with gelatin sponge and 
biopsied at two week intervals The tendon was also sectioned, sutured and 
the juncture wrapped It is fully realized that the achilles tendon is not an 
ensheathed tendon but it is the tendon wdiich has been customarily used in 

* Gelatin sponge used was Upjohn Co Gelfoam No 12 
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animal experiments From the accompanying photographs and photoiiiicro 
graphs, It can be seen that the gelatin sponge gross dissection does tend to 
show a shiny surface upon which the tendon glides Microscopically, there is 
very little reaction and there is found between it and the moving tendon a thin 
space lined by a single layer of flattened cells, very much like tendon lining 
When placed around a sutured tendon, however, dense adhesions are found 
Clinically, it has been found that there ate certain definite indications and 
contraindications to the use of this substance in tendon surgery It does 
definitely cause an increase in serum collections and autolysis of inadequateh 
nourished tissues For this reason it should not be used about grafts or about 
tendon junctures as it prevents healing in these cases On the other hand it 
has been found useful in preventing sound tendons from becoming encased in 
adhesions in the tendon advance procedures 

The following case reports indicate some of the cases in which gelatin 
sponge has been used and the results obtained There is also included a com- 
parison series of the standard type case treated with and without gelatin sponge 


CASE REPORTS 

Case 1 — WA Age 26 Caught thumb in np saw 10/2/47 lacerating palmer surface, 
severing digital nerve and tendon Unsuccessful primary tendon suture done elsewhere 
Unable to move distal joint Repair 3/17/48 using author’s technic with gelatin sponge 
Healed with serum collection Examination 6/23/47 almost full function present 
(See Fig 10 ) 

Case 2 — J C Age 59 Bottling machine broke bottle, lacerating ring and little 
fingers 2/1 1/47, severing digital nerves and profundus tendon of little finger Repaired 
4/19/47 Author’s technic with gelatin sponge wrapping Primary healing Examination 
8/6/47, able to touch palm actively and forceably Lacks a few degrees of full extension 
(Little finger usually least successful in tendon repairs) 

Case 3 — HM Age 26 Caught index finger on cylinder block 5/23 / 47 Lacerated 
profundus tendon and digital nerve Repair 7/14/47 Author’s technic, gelatin sponge 
used Healed by first intention Examination 10/7/47 showed 45 degrees of indepen eiU 
active motion of distal joint Able to touch palm but 30 degrees lack of extension dot 
to previous scarring 

Case 4 — CS Age 41 Saw laceiation of iigbt middle finger severing pro ua us 
tendon near insertion 8/16/47 Primary repaii done elsewhere, unsuccessful Operahon 
1/5/48 found profundus tendon retracted into palm and degenerated Subhmis ten on 
adherent and inflamed Profundus excised, subhmis wrapped with gelatin sponge a er 
freeing, distal joint fixed in 30 degree flexion Patient regained good painless range 0 

motion, touches palm , 

Comment In some cases recovery of profundus is impossible To use a gra " 
necessitate sacrifice of good sublimis This is not advisable -/x/r 

Case 5 — EG Age 30 Index finger cut in middle segment on tin strip 
Digital nerve and profundus tendon seveied Immediate repair Author s tec me w 
gelatin sponge Examination ir/14/47 Has full extension ilniost fu e\ioi 

Case 6 — BD Age 41 Fingti cut by metal on drill press 6/20/46, both 
severed in proximal segment Immediate suture done elsewhere throug an er 
Absolutely unsuccessful Repair 10/16/46, author’s technic but without ge a 
Primary healing Examination 2/24/47 active motion 90 degrees proM 
degrees middle joint, 30 degrees distal joint Finger tip almost touches pa m 
Comment — Enough of profundus left to carry out repair 
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Case 7 — CR Age 32 Cut index finger on knife 6/46, both tendons cut in proximal 
segment Primary suture done elsewhere through anterior incision Absolutely unsuccess- 
ful Repair 1/27/47, author’s technic without gelatin sponge Healed per primum 
Examination 4/29/48, tip almost touches palm 

Case 8 — PS Age 43 Plow shear fell onto hand 4/4/46 Suffered laceration middle 
and ring fingers across middle creases Profundus tendons cut both fingers Repair 
6/25/46 Proximal tendon ends were resutured to distal stumps using pull out wires tied 
over buttons on ends of fingers Ring finger failed to function Reason, distal stump left 
too long Resutured 8/2/46 using author’s technic Examination 11/6/46, active full 
motion of proximal joints All middle joints 90 degrees Distal joints 35 degrees 
Touches palm strongly 



Fig 9 — Technic of tendon advance operation A Tendon repair complete B and C 
Gelatin sponge wrapping applied D and E Wound closed 


Comineni — ^Fingertips scarred by buttons in this case Later cases drilling phalanx 
aioided this difficulty 


TENDON GRAFTS 

Case 9 . — LP Age 20 Saw injury 2/14/47 sustaining amputations of little and ring 
fingers and part of thumb with loss of soft tissues over proximal segment of middle 
finger Soft tissue first replaced with abdominal flap Tendon graft inserted 6/21/47 
surrounded with gelatin sponge Wound failed to heal lendon removed 7/8/47, showed 
marked softening and inflammatorj’- infiltrate Second tendon graft done without gelatin 
sponge iT/4/47 and was successful 

Case 10 — LS Age 37 Saw cut dorsum of hand 3/12/47, severed extensor polhcus 
longus Sutured elsewhere, function did not return Secondary repair was done 5/27/47 
The extensor of the fourth toe was removed and used as a graft Tendon junctures were 
effected by interweaving tendon ends and these areas were wrapped with gelatin sponge 
Healing delaved Examination 7/1/47 showed some return of function but full extension 
was not present, evidently due to tendon junctures separating 
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Comment — Out of a senes of c i«i)ttiarj ‘'“'if'/i 

are the poorest results of their resoectiv^^f >ears the 

around tendon grafts ^ Gelatin sponge should not be ” ed 


SUTURE 

tendons'^ arp^rl^aferTase^^^^^^^^^^ -clex tl„,er , , 

technic Tendon juncture wrapped wRirgdati^'L Bunnell suture at a distance 
5 months later showed poor function (due to extensivrS Examination 

reoperated 4/10/48, tendon freed Good result ’esions at operative site) Case 




^-Zjr-Vy 







thurnh'^ch ^11 ^ FJexor tendon repair in 

thumb showing full return of function 


plate Gelatm sp'^ngrshoX'nTbV^s^eTher''’'^^ 

Case 12— NC Age -’t; Ri.r. l 

hand and forearm with fracL^ “ r ^/4/47 Multiple laceration. 01 

of flexor Dolhciis Inno-n A u , carpals and metacarpals, and division in carpal canal 

carpi radiahs in forearm' ^ 31 ^ 87 - 7 ^' Tb lacerations of flexor 
lieament bpino- ripfo 1 ^ ^ Through boot hook incision, the transxerse carf’af 

Sonsi^llr n7 -'I forearm .ere ..del> opened 

luncture wrannpW r T using Bunnell stitch with stainless steel wire Tendon 

ficiallv lareratpl sponge to protect median nerxe .Inch had been super 

fi-elatm enn W i^” tu fill gap m forearm in flexor carpi radialis ^o 

f ri ^ ^ satisfactory Examination 5/4/48, full function but thumb 

and index finger working together 
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Comment — Apparently gelatin sponge tolerated well m carpal canal I believe, how- 
ever, that a sleeve of areolar tissue would have been better here 

Case 13 — DG Age 20 Window glass cut dorsum of wrist 6/14/47 Multiple 
laceration, all tendons being severed in center of posterior annular ligament Repaired 12 
hours later Finger extensors repaired by interweaving their ends, extensor carpi ulnaris 
end to end using a pull out wire fastened over a button Gelatin sponge used about all 
tendon junctures Healed by first intention Examined 6/3/48, full function but extensive 
fibrosis about tendons 


TENDONS CUT IN WRIST 

Case 14 — RH Age 16 Fell into water catching right wrist on bolt of submerged 
log 4/12/47 Multiple lacerations Flexor carpi radiahs severed near insertion Imme- 


diate repair using pull out wire — fastened 
to button in palm Tendon juncture 
wrapped with gelatin sponge Healed 
kindly Full function m one month 

Case 15 — VO Age 22 Fell, cut- 
ting palm and snuff box area 5/4/47 
Abductor polhcus longus sutured with 
pull out wire fastened to button on dor- 
sum of thumb Tendon juncture wrapped 
with gelatin sponge Wound healed by 
first intention Examined one month 
later Full function 

Case 16 — JO Age 56 Stuck hand 
through glass door 7/30/47 Multiple 
lacerations severing flexosevering flexor 
carpi radiahs, extensor polhcus brevis, 
abductor polhcus longus also ulnar nerve 
and flexor carpi ulnaris Tendons re- 
paired with pull out wires tied over but- 
tons in palm, junctures wrapped with 
gelatin sponge Wound healed per 
primam Examination 8/27/47 showed 
good return of function Photo 4/30/48, 
almost full function even of ulnar nerve 
Small finger muscles not working 

Comment — Gelatin sponge appar- 
ently well tolerated on back of hand and 
wrist but not necessarj 



Fig 1 1 — Illustration, Case 5 Index finger 
tendon severed m middle segment Showing 
amount of function four months later 


DE QUERVAINES DISEASE 

Case 17 — MH Age 48 Suffered fractured navicular 7/28/48 Painful swelling 
along tendon sheath began two months after removal of cast Operation 1/8/47 Typical 
stenosmg tenovaginitis of sheath, of extensor brevis and abductor longus of thumb Sheath 
split Patient was well for two months, then symptoms recurred Reoperated 4/4/47 
Found tendons again markedly inflamed Excised sheath and granulating tissue, wrapped 
tendons with gelatin sponge Healed uncventfull> Reported cured 12/20/47 

Comment — Apparently gelatin sponge well tolerated in this case 

DISCUSSION 

The variety of cases presented above include not only ensheathed tendons 
but also tendons surrounded with paratenon, it being the author’s purpose to 
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tiy this material in every conceivable type of tendon repair In analyzing the 
results obtained, it can be seen that m most locations there is no special ad\an- 
tage in using the gelatin sponge 

SUMMARY 

Clinical and experimental data on the use of gelatin sponge is presented 
with the following conclusions 

1 The sponge may be placed around a sound tendon without danger and 
apparently allows earlier free tendon motion here 

2 When used about a tendon juncture the sponge causes excessive fibrosis 
and prolonged fixation of the tendon 

3 Tendon grafts are apparently autolyzed when surrounded by gelatin 
sponge 

Experimental work was carried out at the University of Oregon Medical 
School laboratory 
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A TECHNIC OF EXPOSURE FOR DIVERTICULA OF THE 
THIRD AND FOURTH PARTS OF THE DUODENUM* 

Robert A Mino, M D , 

WlLMINGTOK, Del 
AND 

Robert G Livingstone, M D 

Bostok, Massachusetts 

The technics of exposure utilized in the operative treatment of diverticula 
of the third and fourth parts of the duodenum have apparently changed little 
since the publication of the classic case reports of Forssell and Key (1915), 
Basch (1917) and Maclean (1927) Access to the duodenum has ordinarily 
been sought through the transverse mesocolon or through the gastro-cohc 
omentum and the lesser omental sac Diverticula occurring in anterior loca- 
tions have then generally been dealt with by simple dissection, but procedures 
which have led to duodenal mobilization or elevation of the pancreas have 
almost invariably been used in the search for diverticula not at once exposed 
to view 

The mobilization of the duodenum in the latter instances has been achieved 
by recourse to a method commonly attributed to Kocher Here the duodenal 
segments are reflected medially and thus restored to the position m which they 
he before rotation during embryonic life Additional technics of mobilization 
which have also been suggested are not known to have been used in the treat- 
ment of these lesions A medial approach had been proposed by Clairmont and 
Schinz (1920), but in the review by Morton (1940) this procedure was con- 
sidered difficult and ill-advised A method used by Vautrin and Fourche 
(1923) for other lesions in the region of the proximal duodenum was thought 
suitable for diverticula of the distal segments by Kellogg and Kellogg (1931) 
A portion of the transverse colon was turned down in this procedure, and the 
duodenum was reflected with the pancreas medially Subsequent reference to 
these methods has been limited because the surgical treatment of diverticula 
has not often been advised 

We wish to call attention at this time to a technic of duodenal mobilization 
V hich we have not found emphasized in any previous report 

technic 

The duodenum is exposed by turning the transverse colon, mesocolon and 
great omentum upwards An incision is begun in the posterior layer of the 
parietal peritoneum, just below and parallel to the inferior duodenal edge, and 
from this point it is extended, medially and laterally, until it underlies the 
third and fourth parts of the duodenum The superior mesenteric vessels are 
letracted towards the patient’s right, and by means of sharp dissection -which 

* Submitted for publication, July, 1948 
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Fig I — Roentgenographic appearance of the diverticulum 6 weeks prior to 

operation 



Fig 2 Fig 3 i t n 

Figs 2 and 3 — Photographs of a dissection of a cada\ er to jJ^enal seg 

of the third and fourth parts of the duodenum Fig 2 shows toe , ..-ai bed and 

ments m sttu, and Fig 3 the segments after their dissection fiom the 
after their rotation towards the subject’s right 
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lb advanced proximally the outlined duodenal segments are separated from their 
bed Their reflection also towards the right, which sometimes requires division 
of the ligament of Treitz, then brings their posterior surfaces into satisfactory 
view and permits easy access to the diverticula in this region 

This technic has been of value in a recent operation where massive fat 
deposits greatly interfered with the exposure of the pancreas and duodenum 
Little bleeding was encountered, and the ease of the procedure was thought 
worthy of comment The diverticulum (Fig i) originated from the mid poste- 
1 lor surface of the third part of the duodenum and lay wedged between the pan- 
creas and the duodenal wall Bulbous in outline, it ^\as about 2 inches long 
and about 3 inches wide, with a neck inches across Dissection of the 
diverticulum from its pancreatic bed was accomplished easily Amputation at 
the base vas performed between two clamps, and closure of the defect in the 
duodenal wall was achieved by transverse suture and infolding of the stump 
An adequate exposure v as afforded for each stage of this procedure 

The effectiveness of this approach has also been demonstrated upon the 
cadaver (Figs 2 and 3) With its application we believe that diverticula of 
the third and fourth parts of the duodenum may be identified without recourse 
to such auxiliary measures as the air injection technics suggested by Walzel 
(1935) and by Mahorner and Kisner (1947) We are also of the opinion that 
extensive elevation of the pancreas will not frequently be needed 

STJMMABY 

^Vn account is given of a technic of duodenal mobilization which has been 
found of value in the exposure of diverticula of the third and fourth parts of 
the duodenum 
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THE SURGICAL TREATMENT OF HERNIA IN THE AGED 

A STUDY OF EIGHTY-TWO CONSECUTIVE PATIENTS 
OVER SIXTY YEARS OF AGE* 

George Strenger, M D 

Brooklyn, N Y 

FROM THE SURGICAL SERVICES SECOND DIVISION GOLDWATER MEMORIAL HOSPITAL 
WELFARF ISLAND NEW YORK 

Tins PAPIR IS presented not merely as a statistical study but as a plea 
for the surgical treatment of hernia in old people Many elderly patients com 
plain for years of pain in the aiea of the abdomen affected by the hernia, or 
st’'tiggle with a truss prescribed by some well-intentioned physician, until 
incarceration, strangulation or intercurrent disease settles the issue It has been 
assumed too often that a sedentaiy life or a degeneiative disease precludes the 
necessity for herniorrhaphy Yet the persistent symptoms of hernia themselves 
contribute largely to a state of invalidism The teaching expressed in standard 
text-books of Surger}^ is exemplified in the “Textbook of General Surgery,’’ 
by W H Cole and R Elman,^ who state in their chapter on Inguinal Hernia— 
“In eldeily people the question of operability presents itself If the patient is no 
longer required to w ork, and the presence of a hernia produces only moderate 
symptoms, there may^ be no advantage in pei forming an operative repair 
Duhn,’’ in his series of 263 cases of elective hernioplasty in the aged, had 
ten deaths, or a moitality of 3 8 per cent He had an infection rate of 8 per 
cent in cases done undei local anesthesia He, therefore, concluded that the 
repair of inguinal hei nia in old people was dangerous and unsatisfactory 
However, there are other authors who believe that old people can safeh 
receive the benefits of surgical treatment In 1940 Quigley^ analyzed 100 
consecutive cases of inguinal herniorrhaphy in patients over 65 years of age 
One of his patients died of pulmonary embolism 23 days after operation, so 
that his operative mortality was i per cent, certainly not a prohibitive figure 
Both Brooks® and ClagetU feel that it is no longer logical to accept old age as 
an excuse for withholding operative treatment for dangerous and disabing 
diseases With the gradual change in our population and the increase m je 
proportionate number of elderly patients® the treatment of this group of 
will demand more and more of the surgeon’s attention Both Bailey an 
Morton® believe there is little evidence for the truth of the popular opmm 
that advanced age is a strong contraindication for operative treatment 

GENERAL. CONSIDERATIONS 

Between April, 1939, and April, 1946, 82 patients over 60 years of age 
admitted to the second surgical division, for the treatment of 
hernia Practically all came from the City Home for the Aged an 
medical wards Twenty"^ of these were emergency cases There \\ere^o_^ — 


* Submitted for publication, March, 1948 
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and 12 females Ninety-five operations were performed on these 82 patients, 
78 for inguinal lieinia, 10 for femoral hernia, three for umbilical hernia and 
tour for ventral hernia Of the group of 20 emergency cases (incarceration and 
strangulation), nine were inguinal hernia, seven femoral, two ventral and two 
umbilical In the group of elective cases there were 12 operations for direct, 
52 for indirect, six for sliding and eight for recurrent inguinal hernias 

Thirty-six patients were between 60 and 70 years of age, 35 were between 
70 and 80 } ears, 10 wei e between 80 and 90 years, and one w oman with an 
incarcerated femoral hernia vas 102 years old 

Fifty-seven patients or 69 per cent of the total number had a complicating 
chronic 01 degenerative disease Thirteen had generalized arteriosclerosis, 12 
had hypei tension, seven coronary artery disease four diabetes and the others 
aie listed in Table II 


Table I — Operations foi Heinia 

1 

Total number 

9S 

2 

Inguinal 

78 


(a) Indirect 

52 


(b) Direct 

12 


(c) Recurrent 

8 


(d) Sliding 

6 

3 

Femoral 

10 


(a) Male 

2 


(b) Female 

8 

4 

Umbilical 

3 


(a) Male 

2 


(b) Female 

1 

5 

Ventral 

4 


(a) Male 

1 


(b) Female 

3 


SYMPTOMS 

The predominant symptom among the 62 patients in the elective group 
was pain, usually localized in the region of the hernia The pain was almost 
constant and was aggravated by walking and standing Thirty-eight patients 
presented this complaint Eight patients complained only of the mechanical 
inconvenience of a protruding mass A history of incarceration was given by 
three Another three patients complained of pain and protrusion, and ten had 
no discomfort from their hernias In short, 52 out of 62 old people who came 
under our observation had persistent discomfort or pain 

Seventeen patients had had their trouble for more than 10 years, two 
between five and 10 years, and 18 less than five years, while m 25 cases the 
length of time vas not given in the history Incidentally, seven gave a history 
of having worn trusses, and all seven maintained that the trusses either failed 
to retain the mass or else caused increased pain 

TECHNICAL CONSIDERATIONS 

The 95 operations m this series were performed by 10 visiting surgeons 
and 14 resident surgeons Forty-one of the procedures were done under local 
block anesthesia with either i or 2 per cent novocaine General anesthesia, 
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usually inhalation of cyclopropane, oxygen and ether, was used for 30 Spinal 
anesthesia was the method employed m 15 cases A combination of local infil- 
tration and general inhalation narcosis was used m three patients iihile si\ 
operations were performed under combined local infiltration with intra\ enouslj 
administered pentothal The method of choice was local block anesthesia with 
I per cent novocaine In instances of mass replacement of bow'el from scrotum 
into peritoneal cavity additional inhalation or intravenous anesthesia was 
sometimes necessary 


Table II — Associated Disease 


Disease Number 

1 (jenerahzed artenosderosis 13 

2 Coronary artery disease 7 

3 Hypertension 12 

4 Diabetes 4 

5 Neurologic disease 

(a) Parkinson s 2 

(b) C N S lues 2 

(c) Tabes dorsalis 1 

(d) Hemiplegia 1 

(e) Glioblastoma multiforme 1 

6 Pernicious anemia 2 

7 Rheumatoid arthritis 3 

8 Peptic ulcer 1 

9 Hypertrophied prostate 4 

10 Caisson disease of bone 1 

11 Tuberculosis of chest wall 1 

1 2 Cataract 1 

13 Cirrhosis 1 

Total S7 


Standard methods of repair were used In inguinal hernia the Halsted 
technic was used in 42 cases, the Bassini in 28, the Ferguson in one, and orchi- 
dectomy with repair in seven In femoral hernia the femoral canal w'as closed 
by external suture in eight cases and in two instances an abdominal exploration 
was also necessary Three umbilical hernias were repaired by transverse over- 
lap and the four ventral hernias by vertical overlap 

Silk was used as the suture material in 65 cases and catgut in 30 

COMPLICATIONS OP OPERATION 

Infection of the operativ^e wound occurred in five cases, giving an infection 
rate of 5 2 per cent Only one of these infections involved structures below t le 
level of skin, the organisms cultured from the wound being staphylococcus 
albus and hacdlus coli This moderately severe infection took place in a case 
done under general inhalation anesthesia for strangulated inguinal hernia v' 
resection of bowel In the other four cases the infection was limited to t le s 
Two of the latter were done under local anesthesia and the remaining 
under spinal anesthesia Response to the sulfonamides and penici m 

prompt _ 

Bronchopneumonia complicated the postoperative course in 13 cases 
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merit with sultadiazine and penicillin was usually efifective Pneumonia will 
again be discussed m a subsequent paragraph as a cause ot death 

Two patients developed a posterior ciural phlebitis which responded 
quickly to treatment without sequelae There was no instance of pulmonary 
embolus 

One patient had a cerebral accident on the i6th postoperative day Another 
had a complicating epididymitis following operation One man with cirrhosis 
of the liver, transferred from the medical ward for the emergency tieatment of 
an umbilical hernia, suffered a massive gastro-mtestmal hemorrhage postoper- 
atively Finally, one 83-year-old female, operated upon for a huge strangulated 
umbilical hernia vent into shock from which she did not recover 

MORTALITY 

Of the 62 patients who were operated upon as elective cases, one died, 
giving us a mortality rate m elective surgery of i 6 per cent When operation 
became emergent, as happened m 20 patients, the figure rose sharply to eight 
deaths — a mortality of 40 per cent In the entire series of 82 patients, there was 
a total of nine deaths, constituting a mortality of 10 9 per cent for elective and 
emergenc} cases Following are brief outlines of the cases that died 

Case 1 — Elective S B , male, age 66, opeiated upon for large right sliding inguinal 
hernia involving cecum, on July 16, 1943 Twelve days later smaller left inguinal hernia 
repaired On 14th postoperative day, while out of bed, he had a right hemiplegia and 
died on the i6th postoperative day Necropsy — glioblastoma multiforme of brain, pul- 
monary edema, small right perinephric abscess 

Remaining eight cases were all emergent 

Case 2 — W H , male, aged 74, m hospital for cirrhosis of liver and chronic myo- 
carditis, was operated upon for strangulated umbilical hernia, and died on second post- 
operative day after vomiting a large amount of blood 

Case 3 — E B , female, aged 83, was operated upon for a huge strangulated umbilical 
hernia containing most of colon, ileum and part of jejunum She died five hours post- 
operative of shock 

Case 4 — E B , female, aged 72, was operated upon for an incarcerated ventral hernia 
and died on the 4th postoperative day of pneumonia Also had an old left hemiplegia, 
diabetes, auricular fibrillation 

Case 5 — T L , male, aged 78, in hospital for arteriosclerotic heart disease underwent 
operation for strangulated left inguinal hernia and died six weeks later of pneumonia 

Case 6 — A F , female, aged 60, operated upon for strangulated left femoral hernia 
and gangrene of small intestine, died on the second postoperative day in uremia 

Case 7 — G McE , male, aged 75, m hospital for pernicious anemia, was operated 
upon for strangulated right inguinal hernia and died two months later of sacral decubitus 
and pneumonia 

Case 8 — V B, female, aged 81, m hospital for diabetes and generalized arterio- 
sclerosis was operated upon for incarcerated ventral hernia and died eight daj s later of 
cerebral accident and pneumonia 

Case 9 — G C, female, aged 80, in hospital for hypertension and chronic caidiovas- 
cular disease, died 14 days after operation for strangulated right femoral hernia, of pneu- 
monia and uremia 

These summaries are presented not only to give a description of the causes 
of death m oui series but also to give an insight into the type of patient treated 
Six of these people were already in hospital for treatment of a chionic disease 

241 



GEORGE STRENGER Annau « suit, , 

1 eliniaty l<ijv 

and developed their acute surgical condition vhile on the medical vards hi 
addition, since the Goldwatei Memorial Hospital is an institution for the 
chronically ill, patients continue treatment on our wards longer than in the 
average general hospital It will he noted that cases 1,5,7 9 died t\\ 0 v eeU 

or longer following operation, when the} were actually recovered from tlie 
immediate effects of surgery They were still on our wards because of some 
chronic medical disease, and therefore were included in our surgical mortahti 
figures 


COMMENT 

The senes of cases just described constituted a unique “poor-risk” group 
of patients Most of them came from the New York City Home for the Aged 
on Welfare Island They were people who, in general, had been subjected all 
their lives to the physical and psychic trauma of poverty Others were trans- 
ferred from the medical wards where they were being treated for chronic 
medical conditions 

Patients in the elective group were prepared for operation as for any major 
surgical piocedure Protein, vitamin and hemic deficiencies were corrected bj 
diet and, when necessary, by parenteial therapy Consultation with the med- 
ical service for the evaluation and correction of pulmonary and cardiac disease 
was of valuable aid Thus, three of our patients required careful digitalization 
befoie operation All three had uneventful postoperative courses It was 
deemed inadvisable to operate upon patients who had kidney insufficiency as 
indicated by high nonpiotein nitrogen content of the blood Two men in the 
latter category underwent successful operation for hernia after preliminarj 
surgery for hypei trophied prostates Patients with active pulmonar)^ disease 
were not subjected to surgery 

The anesthetic of choice is i per cent novocaine block infiltration, for 
inguinal, femoral and small umbilical hernia When this is inadequate, supple- 
mentary inhalation of cyclopropane and oxygen can be used In this series of 
cases, wound infection wms not increased by the use of local anesthesia 

Silk IS the favored suture material since its use, according to the principles 
of Halsted,^ produces less wound reaction than catgut No particular technic 
of repair is recommended, since individual cases vary so much 

Of more importance than the type of repair is strict adherence to tie 
fundamental surgical principles of gentleness in the treatment of tissues an 
avoidance of elaborate procedures When the patient agrees, orchidectoinj^is 
justified if deemed absolutely necessary for the security of the repair In 1 
eral inguinal hernia, ive prefer that the operation be done in two stages 
about a r 2-day interval 

The patient is allowed out of bed on the day after operation ’ 

the usual precautions in regards to early ambulation should be taken > 
rapid pulse or high temperature indicates that the patient is to remain in 

Pneumonia was the most frequent complication The 13 patients w 
courses were complicated b} pulmonary disease had the bronchopneu 
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type The disease became evident at any time from the second postoperative 
day onward, and the earliest physical signs were found at the bases of the 
lungs Of the nine patients who died, foui had pneumonia as a cause of death 
Infection of the opeiative wound w'as not a serious complication in this 
series of cases Only one severe infection, and four supeificial ones occuried 
The repair remained intact in all five cases 

The striking factor m our mortalit) figures was the gieatly increased risk 
in emergency surgery for hernia Thus, there w^as one death in 62 patients 
who w^ere treated as elective cases and eight deaths in 20 emergency cases It 
would seem to be logical medicine and good surgery to treat the elderly patient 
for hernia before he becomes a suigical emergency 

The question of recurrence of hernia wull not be considei ed in this paper 

CONCLUSION 

A series of 82 poor-risk patients ovei 60 years old, operated upon foi 
hernia, has been presented Sixty-mne per cent of these patients had a compli- 
cating chronic or degenerative disease Fift3^-two of the 62 patients in the 
elective group had persistent symptoms from hernia which contributed greatly 
to their invalidism Where trusses w^ere wmrn, they were inadequate Oper- 
ation had been deferred for years because of “old age” or a chronic medical 
condition 

In the group of 62 elective cases, one patient died of a cerebral accident and 
brain tumor 16 days after operation Of 20 patients subjected to emergency 
surgery, 8 died The contrast betw^een the mortality figures m these two groups 
offers a graphic argument for the elective use of surgery in the treatment of 
hernia m the aged 
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SURGERY IN SITUS INVERSUS* 
H M Blegen, M D 

Mtssotjia, Moxtaita 


iRAiNSPOSiiiON or iHi \ iscERA IS ail uiiusual aiiomal} in ulnch the 
positions of the abdominal and thoracic viscera are reversed, producing a 
relationship which has been well described as “the mirror image of normal ' 
Although this condition is, in itself, not a serious hazard to normal health and 
longevity, its early recognition is of extreme importance in the treatment ol 
many diseases, especially those requiring early surgical intervention The 
purpose of this report is to present a brief review of the literature on this 
subject and to summarize those recorded cases m which surgery has been 
performed 

HISTORV 

Although Aristotle^^'^ first described this anomaly in animals, it was not 
recognized in the human until the 17th century when it was described in the 
wiitings of Fabricius^®^ (1600), Servicus^®^ (1615) and Riolan®^ (1650) 
Beck' states that one of the earliest recorded cases was that of Mane de Media 
Queen of France Kuchenmeister^^'^ in 1864 emphasized the importance ol 
percussion and auscultation as an aid in diagnosis and Vehemeyer^^^ in 1897 
ivas the first to discover a case by roentgen-ray examination Since then cases 
have been recognized with increasing frequency, so that bv 1938 Larson^’’^ 
estimated that over 475 had been reported 


INCIDENCE 

The incidence has not as yet been established definitely, varying from 002 
to I per cent as recorded in the literature (Table I) The close relationship 
between the total incidence found at autopsy ( 1-6, 164) and that found in mass 
chest surveys (1-6, 581) suggests that this anomaly will probably be encoun- 
tered at least once in every six to eight thousand individuals Although a busi 
surgeon, therefore, maj'^ expect to encounter this anomaly only once or twice 
m a lifetime, it is his responsibility in order to protect these individuals and 
to avoid embarrassing errors to familiarize himself with this anomaly and to 
consider it as a remote possibility in all cases of obscure abdominal pain 


ETIOliOGY 

The etiology is also obscure Apparent!)" the embryo of a few millimeter 
is symmetrical so that in a medial saggital plane the right and left si es arc 
the mirror image of each other According to Sherk,^^’’ there is an a tere^ 
relationship betw"een the embryo and chorion, in w'hich the right si e 0 
embr) o, rather than the left, is nearer the blood supply As a result t le 
tube assumes the position of a reverse “S” rather than a norma 
chow"^^" emphas izes the significance of the reversed spiral twist in t — __ 

* Submitted for publication, September, 1948 
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cord Von believes that the causative factor is an altered relationship 

between the embryo and the umbilical vesicle and Serre"* suggests that an 
abnormal development of the omphalomesenteric artery and liver may also 
play a role 

Because of the various degrees of transposition often seen in monsters, 
McMurrich®® is of the opinion that these individuals are in reality the right 
twin of a duplicate monster, the left having been absorbed Refutation of this 
theory lies in the fact that situs inversus is seldom seen in identical twins 


Table I — Incidence 


Cimrcal Examinations 


Lew aid’* 

1 

135,000 Army Recruits 


3 

63 000 clinical exams 


Hospital Admissions 

Massachusetts General Hospital’ 

23 

232 112 

WiIIis'ss 

3 

10 000 

Mayo Clinic 

10 

347 000 

Prescott and Zollmger'o' 

3 

IS 374 


V-Rav Examinations 

Lewald’® 

29 

40 000 

(Many of these were referred after diagnosis 


had been made) 

Franasco and Ongpin^' 

36 

126 000 

Sier and Clenet"* 

30 

280 000 

Prescott and Zollinger"'' 

1 

1,072 


5 

50 000 

Total 

101 

503,930 

Minus 

29 

40 000 


72 

463 950 

Ratio 

1 

6 587 

BelP 

Autopsies 

3 

30 000 

Mayo Clinic (personal communication) 3 

10 000 

Lewald'® 

1 

SO 000 

Gunther’ 

3 

22 000 

Adams and Churchill’ 

1 

8 000 

KehrM 

2 

10,000 

Francisco" 

4 

10 000 

Rossler (Gall and Woolf)'* 

3 

22 000 

Total 

20 

117 000 

Ratio 

1 

6 164 


Some authors suggest that this is an acquired anomaly lesulting from 
environmental influences on the fertilized ovum Mall Stockard and Newman^ 
independently have emphasized the etiological importance of temperature 
nutrition and growth rate Speman^- has been able to produce various degrees 
of transposition in a few instances bv surgicallj altering the medullary plate 
Other investigators believe this is an inherited anomaly arising in the germ 
plasma itself Sumner and Heustis^^^ conclude from studies on insects that 
situs inversus is the result of a recessive gene probabh in the third chromo- 
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some This view is supported by Cockayne’s^^^ study of a large number of 
families and also by Feldman’s®"^ report of three cases in one family, the parents 
of which were first cousins Reports by Feldman and Needle®^ and by Gall 
and WoolF® reveal that m the literature there are 25 instances of two or more 
cases m the same family, making a total of 54 recorded cases in which there 
is a known relationship Although the authors conclude that such instances 
are exceedingly rare, the fact that less than one thousand cases in all have been 
recorded suggests that at least i in 20 is apt to have a relative with the same 
anomaly, offering rather strong evidence that these individuals are realh 
mutants 

Adams and ChurchilP suggest that there may be both the hereditary and 
the acquired types, the first giving rise to normal individuals and the latter to 
true monsters showing all gradations of transposition as well as other develop 
mental anomalies 


Table II 

— Ages and Sex at Time of Snigery 




Age 0-9 

10-19 20-29 30-39 40-49 50-59 60-69 

Not 

Given 

Total 


Number cases 8 

30 29 17 11 8 3 

36 

144 


Se'c 

Males 

Females 

No information 



48 

65 

31 


Total 



144 



CASE MATERIAL 

Although this review attempts to be exhaustive, some cases have undoubt- 
edly been overlooked Also many of the records are brief so that all of the 
desii ed information is not present m each case A review of the available data 
however, summarizes fairly well past surgical experience with this anomaly and 
emphasizes the errors that have been made because the condition vas not 
recognized 

The available literature reveals records of 144 patients with situs inversus 
who were submitted to 158 surgical operations The transposition was com- 
plete involving all of the viscera in 125 cases, and partial, involving one or 
more but not all of the organs in 19 There were 48 males and 65 fema es 
The ages at the time of surgery varied from 10 days to 64 years, but oier 
one-half were operated on in the second or third decade (Table II) 

The 158 operative procedures are summarized in Table III There uere ) 
operations for appendicitis 24 for gallbladder disease, eight pelvic laparotonim ^ 
five stomach operations, two nephropexies, nine thoracic operations, one 
of a rectovesical fistula and 1 1 operations for bowel obstruction (eig 
small bowel and three on the colon) Excluded from this study are one t n 
two perineal repairs, three hernioplasties) and one parotid resection 
excluded are those cases with visceral mal-rotation or those vith viscera^ 
position The time of diagnosis, placement of incision, and the location 0 
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Table III — Opetahve Pi ocednres 


I Operations on the appendix (96 cases operated on) 99 

Appendectomy 77 

Drainage of appendical abscess 3 

Procedure not clear S 

Exploration, appendix not found 14 

II Operations on the biliary tract 24 

Cholecystectomy 17 

Cholecystectomy removal of common duct stones 4 

Cholecystostomy removal of common duct stones 1 

Cholecystostomy 1 

Congenital absence of gallbladder, removal of common duct 
stones 1 

III Operations on the stomach 5 

Gastric resection for carcinoma 1 

Gastro enterostomy for carcinoma 1 

Closure of perforated duodenal ulcer 1 

Gastro enterostomy for gastric ulcer 1 

Gastric resection for gastric ulcer 1 

IV Nephropexy 2 

V Bowel obstruction 1 1 

Adhesive small bow el obstruction 2 

Congenital obstruction duodenal-jejunal junction 1 

Accessory spleens w ith partial small bowel obstruction 1 

Volvulus of the small bowel 1 

Ileostomies m case of ileocecal T B with bowel obstruction 1 

Resection of inflammatory tumor of sigmoid t 

Exploration for congenital stenosis of sigmoid ’ 

Diverticulitis sigmoid 1 

VI Pelvic laparotomies 8 

Uterine suspension etc 3 

Oophorectomy 2 

Ectopic pregnancy I 

Hysterectomy 2 

VII Thoracic operations 9 

Lobectomy for bronchiectasis (4 patients) 6 

Multiple pneumothorax 1 

Fleuroscopy 1 

Removal of bullet 1 

VIII Rectovesicle fistula 1 

Total number of cases 144 

Total number operations 159 

(One case had a gastro enterostomj and cholecystectomy 
at same operation) Minus 1 

Total number of operations 158 

Other Extra-Cavity Operations not included m Res lew 

IX Perrmeorrhaphy and colporrliapln 2 

X Thyroidectomv 1 

XI Parotid tumor 1 

XII Hemioplasti ^ 
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are summaiized m Tables IV V and VI There is a disci epancy in the figure^ 
because one patient had both a cholecystectomy and gastroenterostonn per 
formed at the same time and therefore is considered in both the gallbladder 
and stomach groups 

APPENDICITIS 

Appendectomy was performed in 77 cases, appendicial abscesses drained 1,1 
three, and the abdomen closed without finding the appendix in 14 In three 
of the latter, the appendix was removed later by a second operation In five 
cases the operative piocedure was not clearly stated The pathology as given 



Table 

1 

> 

-Time of Diagnosis 







Diagnosis 

Diagnosis 

Diagnosis 


Operation 


Number 

No 

Before 

During 

After 


Not 

Diseases of 

Operation 

Data 

Operation 

Operation 

Operation 

Total 

Accomplished 

Appendix 

99 

26 

39 

24 

10 

90 

13 

Gallbladder 

24 

1 

16 

6 

1 

24 

0 

Pelvic laparotomy 

8 

2 

3 

3 

0 

8 

0 

Stomach and duodenu 

m 0 

0 

3 

2 

0 

5 

0 

Nephropexy 

2 

1 

1 

0 

0 

2 

0 

Thoracic operations 

9 

0 

8 

1 

0 

0 

0 

Intestine and colon 

11 

0 

1 

5 

1 

11 

2 

Rectovesicle fistula 

1 

0 

0 

0 

1 

1 

0 

Total 

159* 

30 

71 

41 

17 

IsS 

15 

* I 38 operations on 

144 patients In one case a gastroenterostomy and cholecjstectomy was performed at 

one laparotomy 








Table V — Placement of Incisions 


Number 

No 

Incorrect 

Correct 

Second 

Second 

Total No 

Diseases of 

Operations 

Data 

Incision 

Incision 

Incision 

Operation 

Incisions 

Appendix 

99 

34 

27 

35 

6 

3 

105 

Gallbladder 

24 

6 


13 

1 

0 

25 

Pelvic Iaparotom\ 

8 

0 

0 

8 

0 

0 

% 

Stomach and duoden i 

im 5 

2 

0 

3 

0 

0 

5 

Nephropexy 

2 

0 

0 

2 

0 

0 

2 

Intestine and colon 

10 

1 

3 

5 

1 

2 

12 

Thoracic operations 

9 

0 

1 

8 

0 

0 

9 

Rectovesicle fistula 

1 

0 

0 

1 

0 

0 

1 

Total 

158 

43 

36 

75 

8 

5 

167 


levealed that 34 had acute uncomplicated appendicitis nine had appendiciti'' 
with peritonitis, six had appendicial abscesses and 23 were questionable 
having been classified as chronic, interval, normal* or recurring No informa 
tion IS available on the remainder 

The diagnosis of situs inversus was made before surgery in 39 cases, during 
surgery in 24 and several days after surgery in 10 ^ 

The point of maximum pain was located in the left lower quadrant m 3 ^ 
cases, m the right lover quadrant in 21 and throughout the lower a 

in four — — j 

* In one of these cases, reported bv Michael,''*’ an adherent appendix was 
from the sac during the repair of a left indirect inguinal hernia 
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A left-sided incision was made in 30 cases (four left McBurney s) a median 
incision in five and a right-sided incision in 27 (eight right McBurney’s) A 
second correctly-placed incision was made in six cases Of those with an 
original right McBurney incision a second incision was made in four, the 
original incision enlarged in three and the abdomen closed without finding the 
appendix in one 


GALLBLADDER 

A .11 24 patients had definite gallbladder disease, 15 had gallstones and six 
had common duct stones Cholecystectomy was performed in 21, cholecystos- 
tomy in two and stones removed from the common duct in seven The pain 


Table VI — False Pam Projection tn Appendicitis and Gallbladdei Disease 
Location of Pam, Placement of Incision and Time of Diagnosis 


Left-Sided Appendicitis 


Incision When Diagnosis is Made 








Second Second 

Before During After 

Not 


Location 

No 

Right 

Left 

Mid- 

Not 

Ina- Opera- 

Opera- 

Opera 

Opera- 



Pam 

Cases 

Side 

Side 

Line 

Stated 

<5ion 

tion 

tion 

tion 

tion 

Given 

Total 

Pam — left 

32 

2 

2S 

1 

4 

0 

0 

25 

4 

0 

3 

32 

Not localized 

4 

3 

1 

0 

0 

1 

0 

2 

2 

0 

0 

4 

Right 

21 

16 

2 

2 

1 

3 

2 

4 

13 

4 

0 

21 

Not stated 

39 

6 

2 

2 

29 

2 

1 


5 

6 

23 

39 

Total 

96 

27 

30 

S 

34 

6 

3 

36 

24 

10 

26 

96 

Left-Sided Gallbladder Disease 

Pam — left 

16 

2 

9 

1 

4 

1 

0 

14 

2 

0 

0 

16 

Midline 

1 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

Right 

2 

1 

0 

1 

0 

0 

0 

1 

1 

0 

0 

2 

Not stated 

5 

1 

2 

0 

2 

0 

0 

2 

2 

0 

1 

5 

Total 

24 

S 

11 

2 

6 

1 

0 

17 

6 

0 

1 

24 

was located in the left subcostal area in 

16, and 

in the midline 

in one and under 


the right rib margin in two The diagnosis of situs inversus was made before 
operation in 17, during operation in six and after operation in one A correct 
left-sided incision was made in 1 1 cases, a midline incision in two and a right- 
sided incision in five A second incision was requred in only one case One 
author suggests that exposure of the common duct was easier technically 
through a right-sided incision The case reported by Beck”^ is of interest 
because the symptoms were first thought to be due to ptosis of the left kidney 
Cholecystectomy was finally performed ten days after an unsuccessful left- 
sided nephropexy 


BOWEL SURGERI 

Three patients had lesions of the colon Fairchild^'^ reports the case of a 
30-year-old female who was operated on for appendicitis through a right rectus 
incision An “inflammator)^ tumor” of the sigmoid was found lying in the 
right lower quadrant and was resected Total visceral transposition, however, 
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was not discovered until two years later when roentgen-ray studies were made 
of the gallbladder 

Boeminghaus’i® case is of special interest because, although a total visceral 
transposition was present, the cecum was in the right low^er quadrant as a 
result of a super-imposed mal-rotation of the bowel The patient, a 1 6-year-old 
male, had a congenital stenosis of the sigmoid and died after ileosigmoidostom) 
and appendectomy The diagnosis was confirmed by autopsy 

Lyons®2 reported the case of a 63-year-old female with right-sided S3mp- 
toms suggesting appendicial abscess Operation through a right-sided incision 
revealed total visceial transposition and diverticulitis of the sigmoid It is sig- 
nificant that, although most of the pain m this case was on the right, there was 
some discomfort in the left flank, probably the result of referred phenomenon 
a condition wdiich will be discussed in detail later 

The two cases reported by Bryan^** and Maguire,®-^ both w ith total transpo- 
sition, were successfully operated on for adhesive obstruction of the terminal 
ileum 

In Oehlecker’s®® case a massive small bowel resection w^as performed for 
volvulus At operation, performed through a midline incision, the patient was 
found to have a partial transposition with the stomach on the right, the liver 
and spleen both on the right and the cecum on the left 

Moore®^ performed three successive ileostomies on a patient with a small 
bowel obstruction due to ileo-cecal tuberculosis The author states “adequate 
drainage at first would probably have made little difference, but had we 
followed the suggestion from finding the heart on the right side and made an 
incision and enterostomy on the left our chances would have been better ” 
Martinez®’^ encountered a 21 -year-old male who had a “tumor” in the right 
lower quadrant Total situs inversus was discovered and the abdomen was 
opened through a right-sided incision The “tumor” was found to be an acces- 
sory right-sided spleen wnth a long pedicle which had produced an obstruction 
of the ileum 

Tondury and Wissler^^^ reported a case of a ten-day-old infant who was 
explored because of a mechanical obstruction at the duodeno-jejunal juncture 
caused by a partial transposition of the stomach and colon 

It is of interest that in this series of ii cases, three had other congenita 
anomalies which played a role in the terminal illness 


ir- 


THORACIC OPERATIONS 

Nine operations were performed on seven patients Smith and Horton 
removed a bullet from the chest of a man who failed m his suicide 
because he aimed a gun over the usual left precordial area Vargas ' pcc 0 
repeated pneumothorax treatments on a patient w ith tuberculosis and e -o" 
and Meyer"® pleuroscoped such a patient wnth an aortic aneurysm 
Six pulmonary lobectomies w ere performed on four patients wnth 
tasis These cases were reported by Ingrahman,®- Flick,^® Lilhantha , ® ^ 

and Churchill = The fact that 3 per cent of the patients m this series 
lobectomj for bronchiectasis conforms with the opinion expresse ) 
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and Churchill that in these individuals there is an increased incidence of 
bronchiectasis (Kartegner’s Syndrome) The ease with which the transposi- 
tion can be overlooked is emphasized by one case m which the incision was 
made on the w^rong side of the chest in spite of repeated chest roentgenograms 
and physical examinations before surgery This error resulted from a failure 
to note the film marking on the roentgen-ray plate 

PELVIC LAPAROTOMIES 

In the group of pelvic laparotomies there were three uterine suspensions, 
two hysterectomies, one ectopic pregnancy and tw'o oophorectomies The 
appendix w'as removed in three and a perineorrhaphy performed m one All 
operations w’ere performed through a low" niidhne or Pfanensteel incision The 
transposition was recognized before surgerj" m only three instances but the 
error did not seriously interfere with the surgical procedure 

STOMACH OPERATIONS 

Five patients were operated on for diseases of the stomach One of these^^ 
was seen personally m consultation The patient, a 6o-year-old male, had a 
large prepyloric carcinoma of the stomach The visceral transposition was 
recognized preoperatively by physical and roentgen-ray examinations and 
confirmed by laparotomy As far as w"e could determine this was the first case 
to be recorded in wdiich a successful right-sided subtotal gastric resection had 
been performed in the presence of this anomaly 

Allen^ reported the case of a prepyloric carcinoma m a 30-year-oId male 
who died three weeks after gastro-enterostomy , and Kapustin successfully 
performed a Billroth I type of partial gastrectomy on a 57-year-old male w"ith 
a large perforating gastric ulcer 

Kelly®® performed a cholecystectomy and gastroenterostomy on a 40-year- 
old female who had both a gastric ulcer and gallstones and King^® successfully 
closed a perforated duodenal ulcer m a 46-year-old Negro The presence of 
situs inversus did not interfere with treatment in any of these cases 

DISCUSSION"^ 

An error in diagnosis occurred in appi oximately 45 per cent of these cases 
The transposition w"as recognized before surgery m 71 (55 per cent) and 
during surgery in 41 (32 per cent) In 17 (13 per cent) because of the 
bew"ilderment of the surgeon the condition was not recognized even at the 
time of operation In these, the diagnosis w"as finally made at a later date by 
roentgen-ray studies 

An incorrect surgical incision was made m 36 cases (31 per cent) and in 
15 the abdomen w"as closed w'lthout accomplisbing the operative procedure 
In five of the latter the disease process was corrected by a second operation 
performed after a correct diagnosis had been made 

Undoubtedly many of these eriors were made because the examining 
phvsician, not suspecting the visceral transposition, misinterpreted the signs 

In determining percentages those cases without available information are excluded 
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and symptoms This ^vas particularly true in the cases of those individuals 
with appendicitis a disease usually considered a surgical emergency and tre 
quently operated on at odd hours ot the day, often after only a cursory phjsical 
examination Although the condition can be recognized by physical exam- 
ination alone, statistics indicate that it is usually overlooked unless roentgen 
ray studies are made 

FALSE PAIN PROJECTION 

An added diagnostic difficulty arises from the fact that many of these 
individuals complain of pain on the side of the body opposite to that of the 
diseased organ This phenomenon has been described in the literature but as 
yet has not been clearly explained Pol,^® in a smaller series, found that 50 per 
cent of the patients with left-sided appendicitis complained of pain on the right 

In this series out of 96 patients who were operated on for appendicitis 
information concerning the location of pain was available only in 57 instances 
The pain was located on the right in 21, on the left in 32 and throughout the 
lower abdomen with no lateral localization in four 

Of the 21 cases with pain on the right, three were classified as chronic, 
interval or recurrent and three had other pathology to account for the pain, 
this leaves 15 which are probably examples of false pain projection (Table 
No VI) In at least nine of these there was some discomfort in both lower 
quadrants, although the point of maximum pain was on the right In Lawrence s 
case,’^® the pain was “mostly on the right except on deep pressure ivhen there 
was more on the left ” Mason and Baker’ s^® case had generalized pain and 
soreness on the left which shifted to the right 

Of the 32 cases with pain on the left, six were questionable being classified 
as chronic, interval or recurrent Acute appendicitis was present in 14, gan- 
grene in four, abscess formation m three and peritonitis in five Five had 
typical epigastric distress which localized in the left lower quadrant and fi^e 
had pain in both lower quadrants more marked on the left 

If this data is rearranged we note that of the 45 cases with definitely pro\ en 
appendicitis at least 18 had pain in both lower quadrants The pain was most 
marked on the right in nine of these and on the left in five In four there vas 
no latei al localization The pain was said to be limited to the right side in on i 
six cases and to the left side m 21 

Because of the paucity of available information in these case reports, 1 
impossible to deteimine accurately the true clinical picture of appen 
these anomalous individuals There is no doubt hovever that it is wiri< 
and confusing 

VISCERAL PAIN PERCEPTION 

The mechanisms of visceral pain perception are not clearly un ers 0 
apparently there are three types 

(1) Referred pain perception as described by Head and Me enzie 

(2) Direct visceral pain perception 

(3) Direct somatic pain perception 

252 



Volume U9 
Number 2 


SURGERY IN SITUS INVERSUS 


Table VII — Left-Sided Appendicitis zvith False Pam Piojection to the Right 


Sex and 

■\iithor Age Pathologx 


Symptoms 


Time of 

Incision Diagnosis 


Rush'W 

M — 18 

Acutely inflamed 
retro-cecal appendix 

111 48 hours with general cramps 
nausea and vomiting Pam local 
ized in tne right lower quadrant 
Tenderness right lower quadrant 

Right rectus 

Suspected 
before op 
eration 

Hemple** 

F— 9 

Acute appendicitis 

I nflammatory 
changes in the mid- 
dle third 

nil day General abdominal pains 
which localized m the right All 
pain spontaneous as well as press 
ure in the right lower quadrant 

Right pararectal 

Operation 

Kingi® 

F— 20 

Acute appendix cov- 
ered with fibrin 

111 4 days Generalized abdominal 
pain m both lower quadrants more 
severe on right 

Low midhne 

Before op 
eration 

Uehara'2’ 

F— 28 

Acute plegmonous 
appendix 

Symptoms located on the right 

Right rectus 

Operation 

Block and 
Michael'® 

F— 26 

Acute catarrhal ap- 
pendix, 4 month 
pregnancy Acute 
appendix inflamed 

111 4 hours Pam in the right lower 
quadrant Slight general rigidity 
Extreme tenderness in right iliac 
region 

RightMcBurney 

(enlarged) 

Operation 

Pol ZM 

F— 8 

Acute appendicitis 

Pam m the right lower quadrant 
The constant localization of pain 
on the nght suggested normal lo- 
cation of the viscera 

2 incisions right 
McBurney and 
left McBurnes 

Operation 

Mason and 
Baker” 

F— 13 

Acute appendicitis 

111 24 hours General abdominal 
pam with soreness in the left lower 
quadrant which shifted to right 
Tenderness over entire abdomen 
more intense on right 

Left para medi 
an 

Operation 

Lawrence’® 

F— 19 

Left-sided appendi- 
citis 

III 12 hours Pam was mostly on 
the right side except on deep press- 
ure when there was more on left 

Right rectus 

Confirmed 
at opera 

tion 

Lucente” 

M — 16 

Appendicitis Ap 
pendix inj ected hign 
on left 

Generalized abdominal pam m 
both lower quadrants with ten- 
derness and pam in right lower 
quadrant 

2 Incisions 

Right McBurney 
Midhne 

Operation 

Scopinaro'" 

M— 30 

Acute appendicitis 
(not proved) 

Acute pain in both lower quad- 
rants most marked on right 
Clinically thought to be appendi- 
citis Appendix not found at 
emergency operation but an ad- 
herent appendix removed six 
months later 

2 operations 
Right Davis and 
Midlme 

Operation 

DePolM 

M— 3S 

Appendicitis 

Pam around the navel radiating 
to the right lower quadrant Some 
pain on left but most severe on 
nght 

Left para-rectal 

Before op 
eration 

Bertone'® 

F— 13 

Acute appendicitis 

Acute pain m the lower abdomen, 
right Upon palpation the pam 
was more rectus conspicuous on 
the right 

Right rectus 

Operation 
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Table VII 

-Left-Sided Appendicitis with False Pam Projection to the Right (Continued) 

Author 

Sex and 
Age 

Pathology 

Symptoms 

Incision 

Time of 
Diagno 

Simons'” 

r— 22 

Acute appendicitis 
General peritonitis 

General low abdominal pain more 
marked on right 

Right rectus ab- 
domen closed 
Appendix not 
found 

Openitifm 

PooI'M 

M— 14 

Appendicitis with 
peritonit’s 

General abdominal pain tender- 
ness and rigidity, more marked 
on right 

2 incisions right 
para median 
left McBurnej 

Operation 

Belmes” 

F— 17 

Pain right low er 
quadrant Probable 
acute appendicitis 

Pam right lower quadrant 

Right rectus 
Appendix not 
found 

Operation 

Left-Sided Gallbladdet Disease with Right-Sided Pam 

Gonzles” 

F— 23 

Cholecystitis 

Indigestion Pam in the upper 
abdomen radiating under the 
right nb margin 

Right Judd in 
cision 

Operation 

Wood and 
BIalock'35 

r— 46 

Cholecystitis and 
lithiasis 

Pam in the upper abdomen radiat-Median 
mg to the right Bank and back 

Before op 
eration 


In appendicitis occurring in normal individuals the pain is usiialh first 
perceived as a A^ague, mild, generalized epigastric distress which finally localizes 
m the right lower abdomen Some authors believe that this right-sided pain 
IS due to referred phenomenon (type i), while others believe it is the result of 
direct visceral perception (type 2) As the disease progresses and the parietal 
peritoneum becomes involved, direct somatic perception may occur 

Evidence suggests that in situs inversus, although the viscera are trans- 
posed, the component parts of the nervous system are not reversed There- 
fore, regardless of the position of the viscera, it is reasonable to assume that 
their innervation will remain the same It is for this reason that Block an 
MichaeP® agree with Kuntz that m appendicitis m situs inversus the 1 ejcrrc 
phenomenon ought to he localised on the light side'' 

It IS suggested in this report that the location of visceral pain in situs 
inversus might shift from one side of the body to the other, depending on je 
1 mechanism which dominates that particular stage of the disease ig 


nervous 


sided pain may be due to referred phenomenon and left-sided pain to 
A isceral or somatic perception In appendicitis, the pain may start \'i 
usual epigastric distress Avhich shifts temporarily to the right 1 oa\ er qua ran^ 
the result of false projection but finally, as the disease progresses, oca 
the left loAver quadrant OA’^er the diseased organ At times during t le 
the illness the patient himself might conceivably be confused as to t le 
of the pain because of the involvement of both mechanisms 

Little IS said about the character of abdominal tenderness an re a 
sical findings Some of the cases are described as having ‘ ten • 

lower quadrants, more marked on the right” or “more mar e 
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Others are said to show geneial tenderness i\ith no lateral localization 
Lavirence’s'^ case had more pain on the right but more tenderness on the left 
In the cases of Block and MichaeB^ and Curt Hempel"’ tenderness as well as 
pain was said to be on the right The disease in both of these was early and 
the transposition was not discovered until the abdomen was opened It seems 
logical to assume, however, that the maximum point of tenderness should be 
located directly over the diseased organ but from the available information it is 
impossible to determine whethei m the early stage of the disease pain produced 
by left-sided pressure might be projected to the right side 

In order to clarify this confused clinical picture, the suggestion is made that 
surgeons who in the future are privileged to see a patient with situs inversus 
and appendicitis report a detailed description of the history and physical 
findings with the points of this discussion in mind 


SUMMARY 


In a collective review of the literature, an anatysis is made of the available 
data m 144 cases of situs inversus in which 158 surgical operations were 
performed 

There were 99 operations for appendicitis, 24 for gallbladder disease, five 
stomach operations, eight pelvic laparotomies, tivo nephropexies, 1 1 operations 
of the large and small bowel, one repair of rectovesical fistula and nine thoracic 
operations including six lobectomies for bronchiectasis 

The difficulty in recognizing situs inversus is emphasized by the fact that 
an incorrect preoperative diagnosis was made in approximately 45 per cent of 
the cases and as a result in 31 per cent an incorrect surgical incision w'as made 
False projection of pain to the opposite side of the body was present m at least 
33 per cent of the cases of left-sided appendicitis and 8 per cent of the cases 
of left-sided gallbladder disease 

Considerable confusion exists regarding the phenomenon of false pain pro- 
jection in patients with this anomaly Accepting the theories of Kuntz and 
reasoning along the lines of Block and Michael, the suggestion is made that 
patients with appendicitis may have pain in both lower abdominal quadrants 
In the early stages of the disease pain may be projected falsely to the right 
side, but as the disease progresses true localization will occur on the left over 
the diseased organ 
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FACTORS IN THE MORTALITY OF THE RUPTURED APPENDIX*! 
Merton L Griswold, M D , F A C S 

AND 

William K Goodspeed, M D 

Plainfield, New Jersey 

In a repoit^ compiled for the years 1931-1937 inclusive and representing a 
study of 1412 consecutive cases of all types of appendicitis it was found that 
those cases complicated by perforation had a mortality of 15 3 per cent The 
unruptured group carried a mortality of less than 2 per cent during this period 
Any appreciable reduction in overall mortality must therefore be directed 
toward the perforated group 

The material in this report is derived from the perforated cases which i\ ere 
admitted to the hospital from 1942—1947 inclusive The year 1942 was chosen 
as a starting point because the general use of the sulfonamide drugs vas 
instituted in that year in this hospital A total of 183 cases of perforated 
appendices were found in the records and in addition 65 cases of gangrenous 
appendicitis with local peritonitis were analyzed in this six-year period All 
cases were admissions to the Muhlenberg Hospital which is a general hospital 
in a suburban community with a rated capacity of 330 beds 

It can be seen from the two tables submitted that there has been a reduction 
of 6 6 per cent in the perforated group for the years 1942-47 This decrease in 
mortality is probably not due to any single factor in the management of tlie 
appendicitis problem but it is difficult to escape the conclusion that the sulfona 
mides and antibiotics played a major role m effecting this reduction Otlier 
factors which might be mentioned include 

(a) Better appreciation of the problems of fluid requirements and 
vitamin deficiencies 

(b) Improved methods of anesthesia 

(c) Advent of tube decompression of the intestinal tract 

(d) Educational methods to acquaint the patient with the danger 0 
delay, catharsis, etc 

One hesitates to make any definite statement concerning the effects of ear^^ 
ambulation on the mortality rate inasmuch as it has been utilized on } in 
non-perforated group in this hospital 

Other published reports have generally shown a waning morta it) 
disease in recent years Tashiro and Zinninger^ in a review of 93 
the Cincinnati General Hospital found that the n'ortality m the 
group was 13 77 per cent between the ye ars 1939 and 1943 — - — 

* Submitted for publication, September 1948 Pin.nfield N I - 

j Read before the Staff Meeting of the Muhlenberg Hospital, 

June 22, 1948 
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pared with their previous figures of 17 2 per cent (1934-38) and 33 9 per cent 
between 1915 and 1934 Schulhnger^ studied results at the Presbyterian 
Hospital, N Y , and classified the cases complicated by perforation into three 
main groups which he defined as the acute progressive fibrmo-purulent peri- 
tonitis, the acute diffuse peritonitis and the peritonitis with abscess In the 
years 1941—46, 10 deaths occurred which gave them an average mortality of 
6 6 per cent for the three groups mentioned 


Table I 


Year 

Perforated 

Deaths 

Mortality 

Gangrenous 

Deaths 

Mortality 

1942 

33 

2 

6 0% 

5 

0 

0 

1943 

20 

3 

15 0% 

14 

0 

0 

1944 

27 

4 

15 0% 

12 

0 

0 

1945 

32 

4 

12 5% 

10 

0 

0 

1946 

45 

2 

4 4% 

17 

0 

0 

1947 

26 

1 

3 8% 

7 

1 

14 2% 

Totals 

183 

16 

8 7% 

65 

1 

1 5% 


Average mortality for ruptured cases 1942-47 is 8 7% 

Average mortality for acute gangrenous cases 1942-47 is 1 5% 


Tabi e II 

Years 

Perforated 

Deaths 

Mortality 

1931-1937 

165 

26 

15 3% 

1942-1947 

183 

16 

8 7% 


Meyer et reported on then expeiience at the Cook County Hospital in 
Chicago In the two years 1944 and 1945 they studied 136 perforated cases and 
found the mortality to be 13 9 per cent 

Kaufman and Mersheimer® tabulated 92 ruptuied appendices from June 
1940 to December 1941 at the Metropolitan and Flower Hospitals in New 
York City The sulfonamides had been used in the therapy and wnth 10 
deaths their mortality rate w^as established at 10 8 per cent 

The highest mortality occurred in the 7th and 8th decades as w ould be the 
normal expectancy The appendix at this age has undergone considerable 
fibrosis with a diminution of blood supply and consequent inability to build up 
local defenses against the infection The devitalized appendix is also more 
prone to perforation The mortality in the 4th decade is surprising wdien it is 
noted that it is much lower in the 5th and 6th 

CATHARSES AND ENEMATA 

Since the publication of the last series the public has been informed by 
various means that active purgation is a dangerous course in the presence of 
abdominal pain Although the figures in this respect are not entirely conclu- 
sive due to the failure of accurate recording on the charts, a tabulation show ed 
that 8 I per cent of the perforated cases had taken a cathartic of some sort 
previous to admission This figure is a marked decrease from the 23 per cent 
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of the former senes Thirteen pei cent had received a rectal irrigation as com 
pared to the previous figure of 10 per cent There seems to be no definite 
hazard from rectal irrigation when it is not massive and when the diagnosis ol 
appendicitis is uncertain 


DRAINAGE 

No flat statement can be made from our figures as to the value of drainage 
In the years 1942-45 100 per cent of the cases vere drained, but in the next 
two years (1946-47) theie was a drop in the cases drained to approximateh 
82 per cent This w ould seem to indicate that the operators were beginning to 
doubt the efficacy of drainage when the peritoneum was contaminated 

Jackson® has recently advocated the principle of nondrainage in the per- 
forated appendix and cites 15 cases of perforated appendicitis m which the 


Table III 


Age Distribution 

Age 

No Cases 

Deaths 

Percentage Mortalitj 

0-1 year 

0 

0 

0 

1-9 vear 

29 

1 

3 4 

10-19 >ear 

77 

5 

6 5 

20-29 vear 

26 

0 

0 0 

30-39 year 

29 

0 

0 0 

40-49 vear 

33 

6 

18 2 

50-59 vear 

20 

1 

3 4 

60-69 year 

14 

0 

0 0 

70-79 year 

7 

2 

28 5 

80-89 year 

4 

2 

jO 0 


appendix was removed and closure was done without drainage One secondan 
abscess occurred which required drainage but there w'as no death in thb 
series He stressed the disadvantages of prolonged drainage with attendant 
wound infection, adhesions, fistulae, herniae, etc 

On the other hand Schullinger® advocates intrapei itoneal drainage under 
the following conditions 

(a) Abscess 

(b) Presence of necrotic tissue which cannot be readily excised 

(c) Appendix not removed 

(d) Extensive exposure of retropei itoneal tissue 

(e) Insecure ligation of the stump 

HOSPITAL, DATS 

There has been some decrease in the length of the hospital stai 
perforated cases The average length of time for the years 193 ^'37 aniou 
to 23 2 days wdule the recent series averaged 20 7 da)^s 

A greater decrease m hospital days w^as anticipated This sina 
might be explained on the basis that some desperately ill ro\c'I 

a prolonged convalescence wffio might have terminated fatal 3 1 
methods of therapy had not been ax’-ailable 
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As has been previously stated those perforated cases who ran a febrile 
course and leukocytosis were not encouraged to practice early ambulation until 
their fever had subsided Whether early ambulation would have decreased 
their hospital stay is debatable 

SULFONAMIDE ANTIBIOTIC THERAPY 

Approximately 88 per cent of the perforated cases had implantation of the 
powdered sulfa drug in the peritoneal cavity at the time of operation The 
amount of drug used varied greatly among the different operators with an 
average of from 3 to lo Gm Some form of the sulfa drug was given orally in 
413 per cent of all cases while 43 7 per cent received it intravenously buffered 
with sodium lactate The intravenous dose was a subject of some debate but 
many operators have felt that if it was to attain an adequate blood level as much 
as 7 5 Gm should be administered over a 24-hour period No serious complica- 
tions have resulted from the use of this dosage 

Penicillin was first used 111 1944 There w^as a rapid increase in this mode 
of therapy in the last three years when approximately three-fourths of all per- 
torated cases received the drug The intramuscular route has been favored 
over the oral or intraperitoneal route 

The use of streptomycin has been very limited Of three cases m which it 
was used twm recovered and one terminated fatally It w^as used m conjunc- 
tion wnth the tw'o previously mentioned diugs w^hich makes its evaluation 
difficult but theie does seem to be a question whether the dosage of 600 mgs 
per day was adequate 


THE ROLE OF CONSERVATISM 

As a general rule laparotomy w'as performed when the diagnosis of appen- 
dicitis w^as established A delay was indicated if the patient was dehydrated 
markedly or in a neai moribund state 

An exception to this rule was carried out in a selected group of patients 
wdio upon admission presented a palpable right low^er quadrant mass and who 
seemed to have w^alled off their perforation On the assumption that surgery 
wmuld possibly interfere wnth the local defense mechanisms set up by the body, 
these patients w^ere w atched cai efully for change in size of the mass Therapy 
consisted of moderately heavy doses of sulfa drug, penicillin, streptomycin, 
intravenous fluids, sedatives, etc This regimen w'as carried out on a total of 
eight patients without any mortality w^hich wmuld seem to justify its contin- 
uance m this type of case On discharge the patient is warned as to probable 
recurrence and urged to leturn at the expiration of four months for 
appendectomy 

The experience of Me} er et al at Cook County Hospital has indicated 
that w^henever a mass is definitely palpable in the region of the cecum oper- 
ative interference carries a higher mortality The} cited 75 cases w^hich the} 
felt represented abscess formation Twelve of these patients were subjected to 
operation wnth an eventual mortality of 8 5 per cent while the remaining 63 
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patients were treated by non-operative means and earned the lower niortalit\ 
of 3 I per cent It should be noted that these figures are drawn from'thc 
years 1944 and 1945 


THE CHRONIC APPENDIX 

An incidental finding in this review was the infrequency of the diagnosis 
of “chronic” appendicitis Whereas in the series from 1931-1937 the ratio 
of acute and chronic appendices was about one to one, it is now found that the 


Table IV 

Complications 

Number of Cases 


Dermatitis presumably due to sulfonamides 

2 


Fecal fistula 

6 


Grossly infected tvound 

6 


Intestinal obstruction 

6 


Diabetes mellitus (diagnosed pre operatively) 

3 


Bronchopneumonia 

1 


Pulmonary embolus 

2 


Ruptured appendix in inguinal hernia sac 

1 


Pregnancy (3 months) 

1 


Evisceration 

2 


Atelectasis 

1 


Hemorrhage from ileostomy 

1 



pathologic diagnosis of an acute process occurs in the ratio of eight to one of 
the “chronic” type The pathologic picture of the chronic appendix has never 
been clear cut Soreness in the right lower quadrant along with gastro-intestinal 
complaints such as gas and constipation have often made up the clinical picture, 
but there is a growing tendency to believe that the history should include the 
signs and symptoms of a more or less acute infectious process 


Table V 


Types of Incision 

1 Right rectus 

2 McBurney 

I Extra peritoneal approach 


Table VI 


Anesthesia 

1 Inhalation (general) 

2 Spinal 

3 Pentothal sodium 


195 

42 

1 


INCIDENCE OF PERFORATION 

Approximately 1 1 per cent of all patients with pathology m the 
had perforation on admission The i93i-i937 senes also showed a 0 
same incidence It would be expected that the percentage of per or 
would be lower due to better information possessed by the public as 
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ards of abdominal pain Since the exact time of the perforation is not easy to 
deduce, it must be assumed that perforation may take place very early m the 
course of the disease and in some instances may even occur with the onset 
of symptoms 


COMPLICATIONS 

Table IV lists only the major postoperative complications 

Of the SIX fecal fistulae listed in Table IV only two closed spontaneously, at 
the expiration of 21 and 23 days respectively In the third case a fistula was 
present in the patient who expired on the 44th postoperative day The fourth 
instance of a fistula persisted in a patient who had had an incision and drainage 
in the right lower quadrant This fistula was explored and found to lead to the 
tip of the appendix and following removal of the appendix the fistula remained 
closed The fistula in the 5th case required two operative attempts at closure 
The first attempt was done 10 weeks following the original appendectomy and 
although the fistula was dissected down to its apparent terminus in a loop of 
the small bowel it failed to close One year later it was again dissected out 
and remained closed In the final case there is a question whether the fistula 
was a result of an appendiceal abscess On admission to the hospital a stab 
incision was made and the abscess in the region of the cecum was thereby 
drained Inasmuch as the drainage area did not remain closed but reopened 
in three weeks, further exploration was done and an extensive carcinoma of 
the cecum was found 


DEATHS 

A summary of the deaths with the terminal diagnosis is given in Table VII 
Thus It can be seen from Table VII that 16 deaths occurred in the per- 
forated group In II of these the appendix was removed at operation while 
in four others a simple incision and drainage was done without appendectomy 
One case had no surgery inasmuch as he was deemed too poor an operative risk 
on account of his cardiac condition The diagnosis in this case was proved at 
autopsy The one death in the non-perf orated group occurred in a 19-year-old 
female At autopsy on the loth postoperative day a saddle type pulmonary 
embolus was found 

The largest number of deaths, six, occurred in the 40-50 year old group 
The youngest casualty was a 9-year-old male, while the oldest were two indi- 
viduals at the age of 84 years 


SUMMARY 

I A study of 183 cases of perforated appendices has been made The 
majority of these cases received some form of chemotherapy and a mortality 
rate of 8 7 per cent has been determined for the whole group This mortality 
rate represents a reduction of 6 6 per cent from a previous report of 165 cases 
not treated by chemotherapy published 10 years before 
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2 The group in the late stages of perforation have seemed to do better with 
non-operative therapy This group usually carry the highest mortalit) as 
compared with the group whose perforation is recent The early perforated 
group as a rule are subjected to immediate operative therapy 


Table VII 


Deaths 

Sev 

Age 

Type of Surgery 

Hos 

pital Dur 
Days Symp 

Terminal Diagnosis 

1 F 

51 

Inc and drainage 

1 

1 

Cardiac decompensation — general peritonitis 

2 M 

16 

Appendectomy 

6 

1 

General peritonitis with intestinal obstruction 

3 M 

11 

Appendectomy 

1 

1 

General peritonitis 

4 M 

84 

Appendectomv 

3 

6 

Appendix contained yvithm an irreducible right inguinal 
hernia sac 

5 M 

46 

Appendectomy 

5 

5 

Gangrenous cecum yvith general peritonitis 

6 M 

44 

No operation 

3 

7 

General peritonitis (poor operative risk yvith liistor> o( 
coronary thrombosis) 

7 M 

49 

Appendectomy 

3 

4 

General peritonitis 

8 F 

44 

Inc and drainage 

2 

3 

General peritonitis 

9 M 

42 

Inc and drainage 

44 

2 

Broncho pneumonia — fecal fistula — general peritonitis 

10 F 

49 

Inc and drainage 

4 

5 

General peritonitis 

11 M 

75 

Appendectomy 

1 

7 

Hypertension — auricular fibrillation and general pentonilis 

12 F 

10 

Appendectom> 

6 

7 

General peritonitis 

13 F 

9 

Appendectomj 

1 

2 

General peritonitis 

14 F 

70 

Appendectomj 

2 

3 

Diabetes melhtus and general peritonitis 

15 F 

84 

Appendectomy 

2 

3 

Pulmonar> embolism 

16 M IS Appendectomy 

Gangrenous Case Mortalitv 

7 

3 

Intestinal obstrucUon on 6tli da\ with exploration on dli ds' 

17 F 

19 

Appendectoni) 

10 

1 

Pulmonary embolus 


3 There is still opportunity for considerable improvement in the iiiortaliti 
figures herewith presented 

4 Removal of the nonperforated gangrenous appendix carries a low' mor- 
tality even though some degiee of local peritonitis may be present 


REFERENCES 

1 Hunger, R T , and M L Griswold, Jr A Five Year Survey of^ 1412 Cases ot 
Appendicitis in a Suburban Hospital J Med Soc , New Jersey, 35 355, ^93 
- Tashiro, S , and M M Zinninger Appendicitis, A Review' of 936 Cases at tie 
cinnati General Hospital Arch Surg, 53 545, 1946 . 

" Schullinger, R Observations on Mortalit}' from Acute Appendicitis at a nnc 
Hospital, 1916 to 1946 Ann -Surg, 126 448, 1947 , 

1 Meyer, K A , W H Roqwarth and D D Kozall Progress in the Treatment 0 

Appendicitis Am J Surg , 72 830, 1946 . j surg 

Kaufman, L R , and W L Mersheimer Sulfonamides in Appendicitis m 

65 393, 1944 Pprfnratne Api'C" 

6 Jackson, A S Non-drainage and Early Ambulation m Cases of Pe 

dicitis Arch Surg , 54 644, 1947 


266 



NEUROFIBROMA * 


BENIGN INTRASPINAL-INTRATHORACIC “hOUR-GLASS” TUMOR 

WITH PARAPLEGIA 

Eben Alexander, Jr , M D and Robert M Janes, M D 

Torokto, Caxada 

FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF TORONTO AND THE 
TORONTO GENERAL HOSPITAL 

INTRODUCTION 

The therapeutic effect of roentgen rays on certain malignant tumors of 
the body is well known Not infrequently mediastinal masses have been 
subjected to roentgen-ray therapy and the response to this treatment used as 
an indication of the malignancy of the lesion Benign tumors show no diminu- 
tion in size followung such treatment and, as has been recently reported b) 
Simpson,^® may be left for years wnthout removal Benign tumors may become 
malignant over the course of months or }ears and it is wise to remove or at 
least to biopsy all such tumors Tumors involving the central nervous system 
either the brain oi spinal cord, how^ever, should never be subjected to a 
therapeutic trial of roentgen-ray before biopsy or before decompression of the 
tumor ° Both the spinal coid and the brain are enclosed in bone and irrevers- 
ible changes may occur m these stiuctuies secondar}' to the pressuie of tumors 
resulting from unnecessary delay in their removal Furthermore, even knowm 
malignant tumors involving the central nervous system should not be radiated 
prior to operation since the sw^elling that results from theiapy may be sufficient 
to cause permanent paralysis or death Ward and Spurlmg^'^ have taken 
exception to this rule in the surgical treatment of tumors of the third ventricle 
advocating subtemporal decompression to reduce intracranial pressure and 
preserve vision and a trial of roentgen-ray therapy Because of the high mor- 
bidity and mortality associated wntb lemoval of tumors in and around the 
third ventricle and because of the satisfactory response of some of these tumors 
to roentgen theiapy, such a course may be justified, a subsequent surgical 
removal of tumors not responding to roentgen-ray being carried out in those 
patients deemed suitable for surgeiy This is a highly specialized problem and 
does not vitiate the argument against the ladiation of other tumors involving 
the central nervous system without preliminary histological Aerification 

Particular danger is inherent in the utilization of the roentgenographic 
appearance of a tumor as an index of its malignancy The presumption that a 
tumor IS incurable because of its size, appearance, and response to roentgen 
therapy may deprive an individual of the curatn e value of successful surgical 
therapy The follownng case is illustratne of the potential danger and its 
successful outcome serves to further emphasize the need for careful consid- 
eration of these problems 


* Submitted for publication, October, 1048 
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CASE REPOKT 

S F Male Age 35 C 1554° 

Chief Complaint Paralysis of legs, five months 

Family History Non-contnbutory 

Past Histoiy No previous nervous disorders Mild chronic cough but no significant 
amount of sputum 

Present Illness In August, 1947, this patient, a farmer, visited a tra\ellmg "Cheat 
Clinic” where a roentgenogram was taken He was told that he had a tumor in ins 
chest and was advised to see his physician He disregarded this advice but about one 
month later, in September, 1947, he first noticed slight weakness of his right leg During 



Fig I — Roentgenogram of chest showing large rounded mass m 
left upper thoracic cavity 


the succeeding two months the weakness of the right leg became more ^ 
left leg also became weak In November, 1947, he had to stop wor 
weakness of his legs He had had no pain in his back, chest or legs a 
suffered no urinary hesitancy or incontinence ,.prened did not 

The patient sought the help of a chiropractor but the treatments h ngeember, 

increase the strength in his legs He then sought the help of a patient 

1947, arranged for admission of the patient to the Toronto General P 21. wS 

however, refused to keep this appointment and remained at home until 
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During the two months prior to admission to the hospital he became completely bedridden 
and about one week before he finally came to the hospital, he became incontinent of urine 
and feces A diagnosis of carcinoma of the lung was made and the patient was sent to 
the Radiotherapy Unit of the Toronto General Hospital 

There had been only a slight weight loss He had had no hemoptysis 
Physical Exaimnation Temperature g8“ F, pulse 8o, respirations i6, blood pressure 
128/80 The patient was well developed but thin He was unable to sit or to stand because 
of weakness of muscles below his waist The skin and subcutaneous tissues showed no 
abnormalities Examination of the heart and lungs showed nothing abnormal 



Fig 2 — Roentgenogram of thoracic spine and nbs There is 
destruction of the head and neck of the fourth rib on the left with 
absence of the pedicle of the fourth dorsal vertebra on that side 
Note trabeculated appearance of region in which rib is destroyed 

Neurologic Examination Cranial nerves, spme and upper extremities normal Sensor) 
examination showed slight hypesthesia to pin-pnck below the sixth thoracic dermatome 
level, this abnormality being more marked on the right than on tiie left The exact upper 
limit of this was difficult to determine 

There was weakness of all muscles below the upper abdominal region and bilateral 
foot drop Weakness was much more pronounced on the left than on the right The 
knee and ankle responses were hyperactive on both sides and there was bilateral sustained 
ankle clonus Babinski responses were positive bilaterally 

There was complete paralysis of bladder function, an indwelling urethral catheter 
with tidal irrigator being necessarj, and the tone of the anal sphincter was absent 
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Labo>atory Data Hemoglobin 98%, white blood count 11,000, urine examination 
normal, blood Wassermann negative, blood N P N 42 mg % 

Course ut the Hospital A roentgenogram of the chest disclosed a large discrete 
rounded mass in the left upper chest posteriorly measuring about 80 cm in diameter 
CFig 1) There was destruction of the head and neck of the left fourth rib Films of the 
thoracic spine showed loss of the pedicle of the fourth dorsal i ertebra on the left side and 
erosion of the pedicles of the vertebrae imniediateh abo\e and below the fourth 
vertebra (Fig 2) 

The patient was seen in consultation by the Surgical Service It was felt that the 
appearance of the roentgenograms was unusual for a benign tumor The tumor was con- 
sidered to be a bronchogenic carcinoma with invasion of the fourth rib and secondarv 
involvement of the spinal cord Aspiration biopsy was advised Two attempts at biopsv 
through needles specially designed for the purpose of biopsy were made, one on Febnian 
28, J948, and one on March 9, ^948 Tumor tissue was not obtained m either biopsy 

On March i, 1948, radiation therapy through anterior and posterior portals directed 
to the intratboracic portion of the tumor was begun This was continued to March 29 
1948, an estimated total of 3,000 roentgen units being delivered to the tumor 

During the period of roentgen therapy and immediately following it the patient showed 
a progressively more severe paraplegia so that by April 5, 1948, he was barelv able to 
move his toes and could not bend his knees A roentgenogram of the chest showed little 
or no change in the size of the tumor 

Arrangements were made for transfer of the patient to a home for incurables, it being 
felt that he was suffering from a malignant tumor which was inoperable and insensitnc 
to roentgen-ray therapy Before transfer of the patient to the home for incurables wa^ 
effected, a consultation with the Neurosurgical Service was held Operation was advised 
but because of the radiation skin reaction adjacent to the proposed operative site, this 
was delayed from April 12 to April 21 

Opciatton \pril 21, 1948 A laminectomv of the second through the fifth dorsvl 
vertebrae w'as done Tumoi tissue was encountered herniating thiough the laminae of 
the third and fourth dorsal v^ertebrae on the left side The tumor was an encapsulated 
extra-dural mass and the intraspinal portion was completely removed It extended out 
through the fourth left inten ertebral canal into the chest, the neck of the tumor at this 
point measuring about 2-3 cm The dura was opened and the spinal cord was normal 
except for a slight pressure defect at the point of maximum pressure from the extra-dural 
tumor The dura was closed with silk and the wound was closed in layers with interrupted 
sutures of silk The wound healed by^ primary' intention and the patient noticed improve- 
ment in the sensation of the skin belovv the level of the tumor vvithin three davs after 
operation Within two weeks the strength of the legs had increased greath and the 
improvement was easily' discernible He began to suffer suprapubic discomfort and was 
discov'ered to have a v'esicle calculus This was removed through a c'stoscope on 
April 29, 1948 

Opeiatwu May 10, 1948 Through a left posterior thoracotomy incision, t e 
third, fourth and fifth ribs were partially' resected and a large intrathoracic, extra-pIeural 
encapsulated tumor was removed The portion of the spinal canal from which the lutra 
spinal tumor had been previously taken was clearly' v'lsualized -'Ml visible tumor wa 
remov ed 

Postoperative Couise The patient made a satisfactory' recoveiy from this 
and the wound healed satisfactorily His neurologic improvement continued 
May 25, 1948, slightly more than one month after laminectomy', he was able to vva 
help Bladder and bow el control had been regained and were now practical v 
There was 30 cc of residual urine on catheterization Seven weeks after 
the patient wvas able to w alk alone with one cane and was discharged to a com 
home for paraplegics for continued physiotherapy and training 
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August 30, 1948, three and one-half months after removal of the intraspinal poition 
of the tumor, the patient could walk normally and showed no objective weakness of his 
legs Neurologic examination showed no sensory abnormalities Knee and ankle jerks 
were slightly hyperactive, there was no ankle clonus, and the plantar responses were 
normal He reported that sexual function was normal He was at that time ready for 
discharge to his o\\n home where he could resume light farm work 

Pathologic Repot t Microscopic examination — the tumor was composed of cells which 
were fibroblastic in type, arranged in sw'eeping bands and occasionally in w'horls The 
tissue was moderately cellular but showed no evidence of malignancy 
Dtagtwsis Benign neurofibroma or penneurial fibroblastoma (Fig 3) 

DISCUSSION 

Hour-glass tumors located in part in the spinal canal and in part in the 
thoracic cavity are not common but there have been several leports of such 



Fig 3 — Photomicrograph of the tumor showing fibroblasts arranged 
in sw'eeping bands and occasional palisade formation Theie is no evidence 
of malignancy 


lesions in the liteiatuie of the last two decades ■*’ ' 5 - "> s A numbei of difter- 
ent histologic tumors have been described but the majority of these tumors are 
benign Most common of the lesions found in this particulai location is the 
penneurial fibroblastoma or neurofibroma 

Several features of the case reported above are of particular interest and 
w'arrant consideration The roentgenologic appearance of the tumor, particu- 
larly the involvement of the head and neck of the left fourth rib by w hat seemed 
to be a destructive process, is unusual for this t}pe of tumor A somewhat 
similar appearance was described b) Carman and Davis^ in 1924 in a patient 
who presented the roentgen-ra) picture of a trabeciilated C}st in one of the 
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lower dorsal vertebra The lesion m their case was also a neurofibroma No 
other cases have been found with roentgenographic features similar to this 
In 1941 Powles^ in New Zealand reported a case which has an interesting 
analogy to the case reported in this publication The patient described b\ 
Powles was also paraplegic and presented with an intrathoracic as well as an 
intraspinal tumor Because of the roentgen-ray appearance of the lesion, a 
diagnosis of carcinoma of the lung with metastases to the spine was made and 
no treatment was given The paper did not contain reproduction of the 
roentgen-ray films The progress of the lesion was so slow that those who were 
caring for the patient eventually questioned the diagnosis of a malignant tumor 
By the time this question was raised, however, the individual was completely 
paraplegic and was not considered a suitable subject for surgery He died of 
urinary tract infection and decubitus ulcers approximately 2^ years after the 
onset of his spinal cord symptoms Post mortem examination showed a benign 
extramedullary neurofibroma at the level of the seventh cervical vertebra with 
extension of the tumor into the thoracic cavity There was no evidence of 
malignancy The exactly similar course of the patient reported herein was 
fortunately interrupted by the earlier suspicion of the benign nature of the 
lesion and the institution of surgical therapy 

In view of the profound degree of motor loss extending over a prolonged 
period of time, the rapid and almost complete recovery of motor, sensory 
urinary, bowel and sexual function in this patient was not altogether antici- 
pated and was particularly gratifying Within four months he progressed from 
a state of severe paraplegia necessitating constant bed care to the recovery of 
such function that he was able to return to light farm work It might be 
expected that his recovery will continue toward a normal state for some months 
and no recurrence is to be expected in view of the complete removal of ivhat 
proved to be a benign lesion 


SUMMARY 

1 A patient with a benign neurofibroma of the “hour-glass” type, mvoK- 
ing the dorsal spine and the thoracic cavity has been presented 

2 The unusual roentgenographic appearance of this tumor has been 
demonstrated This suggested a malignant tumor and an initial diagnosis of 
a bronchogenic carcinoma with invasion of the ribs and spine was made 

3 The patient was subjected to intensive radiation therapy directed to 
the intrathoracic portion of the tumor without perceptible effect 

4 Rapid recovery of the patient after complete surgical removal 0 tie 
tumor has been described 

5 The danger of subjecting any tumor causing spinal cord compression 
radiotherapy without biopsy has been re-emphasized 
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GUMMA OF THE LUNG 

REPORT OF A CASE TREATED BY LOBECTOMl’’' 

Charles W Findlay, Jr , M D , William L Lehman, M D 

AND 

Louis A Rottenberg, M D 
New York, N Y 

FROM THE SURGICAL AND RADIOLOGIC SERVICES OF THE PRESBTTERIAN HOSPITAL AND THE 
SURGICAL PATHOLOGY LABORATORV OF THE SURGICAL DEPARTMENT AND THE DEPARTMENT OF 
RADIOLOGY OF THE COLLEGE OF PHYSICIANS AND SURGEONS COLUMBIA UNIVERSITY NEM \ORK 

Acquired syphilis or the lung is a rare disease ^^'llson stated 
recently that only a small percentage of approximately 200 reported cases hai e 
been confirmed at autopsy Several authors have subgrouped this disease 
according to its pathologic manifestations ® The different classifications 
offered are not m complete agreement, but it is recognized generally that 
gumma of the lung is an unusual type of pulmonary syphilis 

The treatment of gumma of the lung in the past has been medical Arsen- 
icals, iodides, bismuth compounds and mercurials have been given to affected 
patients with varied success Penicillin has been used more recently® Since 
surgical excision of a pulmonary gumma has not been considered as a fonn of 
therapy, the following case is presented as an example of the operative treat- 
ment of this disease 


' CASE HISTORY 

J W , No 888615, a 39-year-oId Negro male, entered the Presbyterian Hospital, 
New York, on October 27, 1947, because of left chest pain and cough of 5 weeks' duration 

History He had a penile lesion at the age of 18 at winch time he was gnen simul 
taneous injections into his hip and arm on three occasions Three jears before 
admission to the hospital his physician gave him 3 injections into his hip over a 6 dai 
period because he was found to have a positive Wassermann 

He had no significant complaints until 5 weeks before admission when he had chilli 
sensations associated with pain in the lower left chest This pain was dull m character, 
but it was aggravated by deep breathing and lying on the affected side He sotii 
developed a persistent cough productive of small amounts 'of yellow, non-foul, noii-bo ' 
sputum His local physician noted an area of increased density in the lower lobe of t 'e 
left lung by fluoroscopy He made the diagnosis of virus pneumonia for which le 
prescribed cough medicine This treatment produced temporary relief of the 
cough, although the pain continued w'lthout increasing in severity He began to 
moderately weak, and had occasional slight malaise Over the 5-week period ic 0^^ 
10 pounds in weight He had no fever, chills or night sweats except at the onse 
the illness 

Physical hvammatwn T-984 P-75 R-18 BP 115/80 The patient was a j 
developed, w'ell-nourished Negro male who was not in acute distress and ® 
obvious signs of chronic illness The following pertinent findings were noted ^ ^ 
ination of the eyes revealed nothing unusual The teeth w^ere grossly carious 
no generalized glandular enlargement The chest expanded sym metricalh u 

* Submitted for publication, September, 1948 
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noted over the lower lobe of the left lung posteriorly, and tubular breathing with fine 
crackling inspiratory rales were heard over the same area Both diaphragms descended 
equally and well The liver, spleen and kidneys were not felt A rectal stricture was 
noted on digital examination The neurological findings were normal 

Laborafoi y Data The urine was negative The red blood cell count was 4 4 million, 
hemoglobin, 134 Gm per cent, white blood count, 12,650 with 61 per cent polymorpho- 
nuclear leucocytes, 37 per cent lymphocytes and 2 per cent eosmophiles A tuberculin 
test in I 10,000 dilution was negative but positive in i 100 dilution after 48 hours The 
blood Kline and Wassermann tests were four plus to all antigens The stool was negative 
for blood, ova and parasites No acid fast bacilli were seen in the sputum, although 
pneumococci type VI were cultured from it The blood was negative for cold agglutinins 
and the erythrocyte sedimentation rate was 130 mm per hour The Frei test was positive 
The serum albumin was 4 3 Gm per cent , globulin, 4 5 Gm per cent , euglobulm i 1 Gm 
per cent, the blood urea nitrogen 17 mg per cent, serum calcium, 108 mg per cent, 
inorganic phosphorus, 4 8 mg per cent , alkaline phosphatase 3 i Bodansky units The 
cephalm flocculation was negative and the thymol turbidity was 3 plus 

A lumbar puncture revealed an initial pressure of 165 mm of spinal fluid The micro- 
scopic examination of the fluid was not remarkable, the spinal fluid protein was 27 mg 
per cent The colloidal gold curve was flat and the spinal fluid Wassermann was negative 
to both the cholesterm and alcoholic antigens 


Taeif I — Summaty of Ticafment, Piocedures and Hospital Course ( 9 cc Tcit) 


Admitted 

Attempted thoracentesis 
Fluoroscopy 
Lumbar puncture 

Bronchoscopy 


Decrease in size of pulmonary 
lesion noted for first time 
roentgenographically 




No further reduction in size of 
lesion noted on films 



Left lower lobe lobectoin> 
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Roentgenologic Findings Roentgenograms of the chest taken on admission showed 
a well defined, lobulated area of increased density located posteriorly and medially m the 
left hemithorax (Fig i) The shadow appeared to occupy the dorsal apical and postenor 
basal divisions of the left lower lobe The lung fields elsewhere and the heart were 
normal It could not be determined whether this was a parenchymal lesion or a loculated 
collection of fluid 

A roentgenogram taken one week later showed no change in the shadow Fluoro- 
scopic examination at this time demonstrated movement of the lesion on respiration 
suggesting that the process was intrapulmonary Spot films revealed considerable thick- 
ening of the pleura over the lateral aspect of the lower lobe on the left 

Couise The patient’s only complaints on admission were persistent cough and mild 
left chest pain To rule out a loculated pleural effusion, a needle was inserted into the 
left pleural cavity at an appropriate site, but no fluid could be obtained On the fifth 
hospital day parenteral penicillin was administered to determine its effect on the size of 



Fig I — Gumma of lung, postero-anterior and left lateral projections , ■ i , j 
Admission films (21 years following penile lesion) disclose a well-defined, lobulate , 
mottled area of increased density in the dorsal apical and posterior basal segments m 1 1 
lower lobe of the left lung 


the chest lesion Foui hundred thousand units of the drug were gi\en dail> by the mtra 
muscular route for 12 days The clinical course of the patient continued to be 
His cough and chest pain were less bothersome, but another roentgenogram at the cn 
of this period was not significantly different than the one taken on admission A bronc 10^ 
scopic examination was performed on the 13th hospital day The findings were no 
except for slight, diffuse injection of the bronchial mucosa bilaterallj 

Considering the history of lues, the positive serology, and the unusual contour 0 
the pulmonary shadow’, the diagnosis of gumma of the lung w'as contemplated 
ingly, the dosage of the parenteral penicillin was increased to 1,000,000 units a 
this was administered for tw’o weeks Between 25 to 30 cc of Lugols solution 
given daily over approximately the same period The above treatment was ms 1^^^^^ 
w’lth two purposes in mind It w’as thought advisable m the first place to treat 
syphilis Secondly, the pulmonary lesion could be studied by roentgen-raj examm 
for its response to therapy 
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Roentgenograms of the cliest were taken on the 19th hospital day and diminution in 
the size of the lesion was noted for the hrst time A review of all the films showed that 
the volume of the lower lobe of the left lung was progressn ely decreasing with elevation 
of the left diaphragm Roentgenographic studies nine days later, however, demonstrated 
no further decrease in the size of the lesion (Fig 2) 

Repeated physical examinations revealed essentially the same findings as noted on 
admission The patient never had any significant changes in his temperature, pulse 01 
respiratory rate His cough and chest pain practicalh disappeared, and there was 
considerable improvement in his general well being 

After one month of medical treatment, surgical and medical consultants were of the 
opinion that the therapy instituted thus far had not produced a satisfactory response 
The diagnosis had not been established definitely, and the presence of a neoplasm could 
not be ruled out An exploratory thoracotomy and a left lower lobe lobectomy were 
performed, therefore, on the patient’s 34th hospital day 



Fig 2 — Gumma of lung, postero-antenor and left lateral projections 
Films made 30 dajs after films in Figure i (25 days after penicillin therapy) disclose 
a slight decrease in size of the mass, with the anterior border more sharply defined, as 
seen on the lateral film 


Diagnosis Throughout this patient’s hospitalization, studies were directed to detei- 
mine wdiether the underlying pulmonary pathology was inflammatory or neoplastic and 
most of the evidence seemed to favor the former category For reasons stated pre\ lously , 
a granulomatous or gummatous pulmonary lesion caused by syphilis was entertained The 
rarity and lack of characteristic diagnostic findings in gumma of the lung made this 
diagnosis seem unlikely when the incidence and caned clinical picture of pulmonan 
neoplasms was considered 

Operative Piocedure and findings The left pleural cacity was entered postcrolat- 
erally through the bed of the 8th rib A markedly thickened, adherent, and extremeh 
vascular pleura wnth small y^ellow plaques w'as encountered posteriorly There were less 
dense adhesions over the diaphragm After the left lower lobe had been freed of all its 
pleural attachments, it was found to be reduced to half its normal colume The lobe 
aerated normalh except for the posterior basal dnision which was firm and rubberv to 
palpation The mass felt more like an mflanimaton than a neoplastic one There 
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numerous enlarged, anthracotic lymph nodes which bled more than usual on manipulation 
These were located at the base of the fissure and m the region of the infenn 
pulmonary -vein 

An adequate biopsy of the thickened pleura was taken for frozen section, and reported 
as nonspecific chronic inflammation by the surgical pathologist A left louer lobe 
lobectomy was then performed The appropriate vessels were ligated individually and 
silk technic was used thioughout the opeiation Two hundred thousand units of penicillin 
were instilled into the pleural cavity before closure of the chest wall A fenestrated rubber 
tube was brought out through the ninth interspace in the mid axillary line and attached 
to a water-seal drainage apparatus On return of the patient to the ward, a negatne 
pressure of 6 centimeters of water was applied to the drainage tube 



Fig 3 — Lower lobe of left lung showing the gray rubbery lobular 
mass occupying most of the lobe and reaching the pleura Base of lung 
is to the left 

Postopei atwe Coin sc Four hundred thousand units of penicillin were given intranius 
cularly to the patient daily for 8 days following the operation Forty-eight hours after 
surger}'-, the drainage tube was removed The wound healed well and the patient made an 
uneventful recoverv He was discharged on the loth postoperative and 44th hospital dai 
to be followed in the chest surgery and dermatology out-patient departments On bi' 
most recent visit to the clinic 8 months later, he was completely asymptomatic except or 
infrequent episodes of slight discomfort in the anterior portion of his scar His plijsica 
and roentgenographic findings were not remarkable, and his daily activities v, ere as e ore 

the onset of his illness , , 

Pathology Gross The lower lobe of the left lung measured 15 x 6 x 6 5 cm, an 
visceral pleura was everywhere smooth and glistening, except for a 7 5 ^ 

laterally which was thickened In this region several small thin yellow plaques j^er^ 
found The lobe was moderately heavier than usual Palpation disclosed an 
nodular firm mass occupjnng most of the lobe and invoKing the pleura laterally n \ 
apical region and basal area medially were unoccupied by the lesion 
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On cut surfaces, (Fig 3) a wedge-shaped nodular mass 7 x 7 x 4 cm was seen m 
the dorso-lateral area near the base of the lobe The apex of the mass directed toward 
the hilum and extended within 2 cm of the main stem of the lower lobe bronchus The 
lesion was rubber}’’, firm and j'ellow-grey m color It consisted of well circumscribed 
though coalescent nodules w'hich extended to the pleura laterally The pleura in this 
MCinity w'as thickened, firm and light grey, while elsewhere it was thin and pliable On 
manipulation of tlie lobe a unique finding was noted when the mass partially separated 
from the adjacent tissue The parenchyma in the dependent areas of the lobe w'as 
normally crepitant and air-containmg, but at the hilum it was beefj red, congested and soft 



Fig 4 — Low' pow'cr photomicrograph of a small area of necrosis sur- 
rounded by a zone of fibrosis Note exudative process m adjacent 
parench} ma 


Miaoscopjc The gie\ elastic material was composed of coalescent nodules of necrotic 
material in which the ghosts of former cell structure could be identified frequenth 
(Figs 4 and <i) The necrotic material was nowhere caseous m nature It was a coagula- 
tne type of degeneration around which a dense wall of mature fibrous tissue had developed 
These connectne tissue fibers were separated from one another bj empty angular 
spaces, particular!} in areas adjoining the necrotic tissue There w'as considerable infiltra- 
tion b}' chronic inflammatory cells of wdiich large mononuclear phagocjtes and plasma 
cells predominated Man} of the pbagocjtes had ingested a brown granular refractile 
pigment, while others were filled with a find} granular lipoid substance Occasional 
multinucleatcd giant cells were found Peruascular cuffing of the small blood \esscls 
was not a piominent feature and sclerosis of arteries and \eins was not particular!} 
remarkable No organisms wore seen in the Lcvaditi stained sections 
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DISCUSSION 

Only a few of the reported cases of pulmonary gummata have been 
verified by pathologic study This is probably due to the rarity of the disease 
and also because it is difficult to demonstrate the specific spirochete on micro- 
scopic sections Recently, the source material for reports has changed Whereas 
the material for discussion in early periodicals was derived from autopsy find- 
ings, the papers on this subject during the past few years have concerned 
patients living with the disease These recent articles, therefore, have discussed 
the clinical recognition of late acquired pulmonary syphilis without post 
mortem confirmation 



Fig S — Medium power photomicrograph showing coagulative necrotic process er - 
ing a small bronchus with an adjacent zone of fibrosis No functional parencnjma 
evident 


Gumma of the lung is twice as common m males as females, but the course 
of the disease m the latter is more fulminating ® Karshner'^ found that its pea 
of incidence is m the fourth decade of life, while Wohlhill^® noted that it is 
more common m the warmer climates Excellent reviews of this subject ha\e 
been written by Karshner,’^ Carrera,^ Howard® and more recently by Lieu 
The symptomatology of pulmonary gumma is like that of any chronic, 
low-grade infection of the lung The onset is usually insidious and occurs 
in the tertiary phase of lues The lesion may be present without distuffimg 
host Wilson^^ has listed the symptoms in order of their frequency oug 
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most often present and it is apparently persistent and extremely bothersome 
Occasionally it is productive of small amounts of mucopurulent sputum The 
patient may complain of dyspnea out of all proportion to the size of the lesion 
Hemoptysis is relatively uncommon, but there may be either streaking of the 
sputum or copious bleeding Fever and chills are usually absent Chest pain 
may occur with extension of the disease process to the pleura Some patients 
have complained of tightness in the chest 

The malady often simulates tuberculosis and both diseases may occur 
simultaneously The gummas, however, usually cause a milder clinical course 
Although gummas have been found in all lobes of the lungs, most authors agree 
that the right middle and both lower lobes are affected most commonly 
The physical findings are those of pulmonar}^ consolidation Dullness and 
rales may be noted depending on the location of the lesion The presence of 
diminished breath sounds or bronchial breathing will depend on the patency of 
the bronchus or bronchi leading to the gumma Pleural thickening will 
dampen the auscultatory findings, and contraction of the involved lung will 
distort the normal relationships of the adjacent mtrathoracic structures 

Certain laboratory procedures may render corroborative evidence to the 
diagnosis of the disease in question A positive blood Wassermann test will he 
of assistance, but if antiluetic therapy has been instituted, the serology maj 
be negative Pulmonary tuberculosis should be i tiled out by repeated exam- 
inations of sputum concentrates or gastric washings foi acid fast bacilli bj 
competent technicians The sputum should also be investigated for mycotic 
and non-specific spirochetal organisms The mtradermal reaction to old 
tuberculin is usually of little aid in the age group of these patients 

Ver)'^ few cases of proven gumma of the lung have been studied roentgeno- 
graphically ^ The criteria for diagnosis by this method are therefore not well 
established On reviewing the reported cases it is evident that there are no 
characteristic roentgenographic features of the disease It usually pioduces 
much the same picture as tuberculosis or other types of chronic pneumoniti'^ 
with secondary fibrosis Like tuberculosis, it crosses anatomic boundaries and 
may involve two or more pulmonary segments If the lesion responds to 
medical therapy, there may be fibrosis and contraction of the affected 
parenchyma 

The more common diseases such as tuberculosis neoplasm and chronic 
pneumonitis should be excluded before the diagnosis of pulmonary gumma is 
considered A bronchoscopy should be performed to rule out a bronchogenic 
grov th that might be seen A luetic pulmonan’^ lesion may cause a stricture of 
an involved bronchus,'^ and there may be moderate endobronchial inflammation 
in the region of the gumma ” Hartung and Freedman" emphasize that a 
positive, well documented histor\ of sjphihs should be obtained 

The therapeutic test has been used as an aid in diagnosis Reduction in 
the size of a pulmonary lesion roentgenographicalh follow ing the administra- 
tion of antiluetic drugs has been considered to be supportne e\idence that a 
gumma was being treated’’’ ® It is recognized however that thic procedure 
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may not help in determining the presence of such a lesion “ If there is a 
leasonable suspicion of carcinoma, the duration of therapy should not be so 
prolonged that prompt surgical intervention is prevented 

The pathology of pulmonary gumma has been discussed and reviewed b\ 
many authors Summation of then findings includes a central area ol 

coagulation necrosis ^\lth caseation sui rounded by a varjing degree of periph- 
eral fibrosis which is mfiltiated with lymphocytes, large mononuclear and 
plasma cells There is associated bionchial and vascular destiuction Through- 
out the lesion, theie is lelative pieservation of the elastic tissue elements 



Fig 6 — Low power photomicrograph of gummatous tissue stained w'lth acid orcein Note 
persistence of elastic fibers in an otherwise degenerate material 


Carrera^ and others have emphasized that the demonstration of spirocheta 
pallida in the lesion by microscopy is the ultimate in diagnosis Howard® has 
pointed out, howet er, that this has been accomplished rarely due to the inhcr 
ent technical difficulties of such an examination Following the institution oj 
antiluetic treatment, and w ith the present widespread u' e of penicillin for a 
types of pulmonar)'- infection, it is evident that the sea ch for spirochetes m 
pathologic sections will be even more fruitless 

In the recent literature there have been numerous 
different types of medical therapy for luetic lesions of the lung®’ 
recommended regimes have met with varying success Diseased areas consi ^ 
mg primarily of inflammatory tissue may decrease markedly in size, 
small residual scar Unfortunately, many of the reported lesions 
shoA\n dramatic roentgen ographic response to medical treatment a^e n 
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been proven or examined pathologically Mercurials, bismuth compounds and 
iodides have been prescribed for the initial treatment of pulmonary gumma 
either singly oi together After maximum response to one or all of these 
drugs has been obtained, an adequate course of an arsenical, usually mephar- 
sen, is given Favorable results with penicillin therapy of late gummatous 
syphilis elsewhere m the body have been repoited Dexter and Tucker- found 
this diug useful m a series of 21 cases More recently, however, Hahn‘S dis- 
cussed a case of a penile gumma w'hich did not lespond to 4,800,000 units of 
penicillin, although it latei cleaied with the administration of bismuth and 
mepharsen 

It IS difficult to determine the prognosis of patients with pulmonary 
gummas Many of the case reports in the early literature w ere based on post 
mortem studies following death from pulmonary pyogenic infection The more 
recently published cases ha\e had moie satisfactoiy clinical couises, but usuall}' 
the lesions in question have not been studied histologicall} If a suspected 
gumma of the lung shrinks loentgenogiaphically to a small shadow' following 
the medical treatment outlined above, the prognosis is probably good Warthin^”^ 
has emphasized, howevei, that if a considerable amount of pulmonar} fibrosis 
lemains, the affected poition of lung yields leadily to pyogenic infection Sup- 
purative bronchiectasis may result with the destruction of bionchial walls 
Carrera^ noted that terminal bronchopneumonia occurred in a high percentage 
of his cases He thought that this was aggravated undoubtedl} Iw the effect 
of syphilis on the myocardium Repeated hemoptyses may be a serious hazard 
to patients watli pulmonary gummas 

Extirpative pulmonary suigery is being performed today w'lth an increas- 
ing degiee of safety The exploratoiy thoracotomy has become an accepted and 
helpful diagnostic procedure in many clinics A gumma of the lung is an 
uncommon disease, but it may simulate the moie prevalent pulmonary neo- 
plasm,^® W'hich, if operable, requires immediate surgical attention A clinician 
is indeed m a precaiious position if he makes the diagnosis of gumma w'hen 
tlie signs and symptoms of a patient can be interpreted as carcinoma B} the 
same token, if there is not an immediate and significant favorable response of 
the lesion to antiluetic drugs, an exploratory thoracotomy should be performed 
An experienced thoracic surgeon usuall} can differentiate at operation between 
an inflammatory and a neoplastic pulmonary lesion 

If a clinician encounters a pulmonarj lesion which has all the piesumptne 
ci iteria of a gumma, and if this lesion does not respond to medical treatment 
there is good reason to be1le^e that permanent and serious parenclnmal 
destiuction has taken place Unlike a gumma elsewhere in the body, such a 
disease m the lung w ill be exposed later to repeated secondary pyogenic infec- 
tions, or it may be a potential source of hemorrhage Since the disease usually 
occurs in the dependent portions of the lungs, subsequent bronchiectasis or 
suppurative disease may develop It would seem logical therefore, that sucli a 
permanently damaged area of lung should be remorcd either In lobectomv or 
segmental lobectom} 
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SUMMARY 

The clinical features and pathology of gumma of the lung have been dis- 
cussed The case presented was first treated with penicillin and then by resec- 
tion of the diseased lobe A rationale for surgical treatment of pulmonar) 
gumma is presented 

Grateful acknowledgment is made to Drs Herbert C Maier, A Purd} Stout and 
Ross Golden for their assistance with the surgical, pathologic and roentgenographic 
aspects of this paper 
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CONGENITAL MICROCOLON A Case Report* 

Edward A Cafritz, M D , F A.C S 

AND 

Milton Greenberg, M D 

Washington-, D C 

CoNGENiiAL STENOSIS of the intestine is an uncommon condition, occurring 
about once in 20,000 births ^ It is generally agreed that most of these obstruc- 
tions are due to intraluminal causes Davis and Poynter^ noted that multiple 
sites of atresia aie found m about 15 per cent of intestinal tracts so affected A 
complete survey of the literature dealing with congenital microcolon up to the 
year 1925 was published by Grieg ^ He reported that even including atresia 
am, congenital defects of the intestine are more frequently seen in the small 
bowel than m the colon The duodenum is the most common site of the lesion , 
the ileum is the second most usual area of involvement ^ 

Arnheim^ searched the literature to 1945 and learned of only 1 1 successful 
operations performed on jejunal and ileal atresia His publication provided the 
twelfth reported cure of infra-duodenal atresia, and pioved to be the second 
such cure effected m the presence of complicating perforation and peritonitis 
In the past 35 years, inoie adequate roentgen-ray visualization^ and earhei 
surgical intervention® ® have progressively and favorably influenced the prog- 
nosis for congenital anomalies of the gastro-intestinal tract 

The case to be piesented in this communication is of interest because a 
remnant of what appeared to be the intestinal end of the vitello-intestmal duct 
was clearly defined In addition, the characteristic clinical and surgical pictures 
of congenital stenosis of the ileum and colon were observed 

CASE REPORT 

J G , a white female of Jewish extraction, was delivered vaginally at term October 
17, 1947, and appeared grossly normal at birth The birth weight was 7 pounds, 6 ounces 
The child was the second-born of healthy, young parents Familj historj was negative 
Some 12 hours after birth the infant vomited se\eral times, bringing up bile-tinged 
material, and her abdomen became progressneh distended Nothing had been passed by 
rectum since birth A rectal catheter could be passed to a distance of onlj 5-7 cm The 
clinical diagnosis -was confirmed bj barium enema roentgenogiams Blood examination 
and urinalysis provided normal findinas 

Under open drop ether anesthesia a laparotomj was done 24 hours after birth The 
entire colon and terminal ileum were found to be narrowed to about the thickness of a 
pencil, ie, about i cm in width, although a lumen was present throughout The small 
intestine w'as markedlj distended, immediateb proximal to the stenosed ileum it was 
dilated, in egg-shaped form, to approximately 5 cm in diameter A small duct, measuring 
25 cm in length and 06 cm in w'ldth was present between the dilated ileum and the 
umbilicus This duct was ligated and se\ered (cf Figure 1) A side-to-side anastomosis 
w'as made between the dilated ileum and descending colon, at the splenic flexure 

The infant was fed parenteralh postoperatu eh and remained m good condition for 
3 da>s Oral feedings were attempted at this time, but food so administered was prompth 

* Submitted for publication, September, 1948 
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regurgitated A Miller-Abbott tube was passed into the duodenum on the 5th postoneratuo 
day but could not be advanced beyond this point Oral feedings were again not retained 
Nothing was passed per rectum The patient lost weight and her clinical course moZ 
steadily downhill ‘ 


On the loth day of life a second laparotomy was performed under open drop ether 
anesthesia At this time a catheter was passed rectally and it extended through the 
anastomosis and into the ileum The ileal dilatation was obsemed to have decreased in 
size at this time In handling the bowel a rent was accidentally made in the coIot, and 
fecal material escaped into the peritoneal cavity 



Fig I 


The postoperative course was stormy, there were frequent emeses, an 
episodes of dyspnea and cyanosis supervened The patient expired on her i ti ° 
Autopsy Findings The body is that of a poorly nourished and poorly 
female infant The skin and sclerae are moderately jaundiced Rig d ”unibilicu« 

8-9 cm in length near the midline and a second, smaller incision to the le t 0 
containing a “cigarette” dram, which exude a slight quantity of 

Heart weighs 30 Gm (normal 19 Gm ) but valvular and myocar la 
are normal Lungs are grossly normal except for a few atalectatic pate les 
engorgement of blood vessels, but otherwise normal 
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The small intestine is greatlj distended with air and fecal material, and is covered 
with a patchy, yellowish exudate The loops arc tightly adherent, and multiple adhesions 
to the abdominal wall and abdominal organs are present The wall of the third part of 
the duodenum appears gangrenous (probably caused by the mercurj bulb of the Miller- 
Abbott tube), and its external surface is covered with thick, yellowish exudate The 
ileocolostomy appears secure and functional The underdeveloped terminal ileum meas- 
ures i6 cm to its cecal attachment, but is only 05 cm in width The lumen is patent 
The ascending and transverse colon appear normal in length, but measure oiilj 0 6 cm in 
width The descending and sigmoid colon measure i 2 cm in width A normal appearing 
rectum admits a finger easily The mucosa of the entire intestinal tract is dark red 

The liver is enlarged and weighs 222 Gm (normal 123 Gm ) Surface and cut 
sections appear icteric Histologically, hepatic lobules are compressed and individual 
cells show atrophic changes 

Left adrenal is twice the si7e of tlie right, and has convex and bulging surfaces Cut 
sections reveal a pale, necrotic, cheesy material distending the medulla and compressing 
the cortex 

The right kidney weighs 183 Gm (normal 15 Gm ), and the left 195 Gm The cut 
surfaces show diffuse congestion, but cortical and medullary boundaries are readilv 
distinguishable Histologically, the tubular epithelium displays marked degenerative 
changes 

Cultures of brain and heart blood exhibit bacterial contamination E cob hemoljtica 
grown from peritoneal fluid 

Patholoqic Dtaquasts Peritonitis, ileocolostomy, hypoplasia and stenosis of terminal 
ileum, stenosis of entire colon, passive congestion ot liver, cercliral congestion, jaundice 


COMMENTS 

Not only tne developmental niid-gut but also the caudal gut was involved 
m the congenital malformation observed in the above case It appears highl) 
improbable that faulty separation of the urogenital membrane in the process of 
definitive division of Iiladder and mesenteron occurred in this case, for such 
changes take place early m intrauterine life and anomalies of this origin invoke 
lower segments of the colon The duct observed here between ileum and 
umbilicus IS more likely similar to a Meckel’s diverticulum Some error in 
reduction of the physiologic umbilical hei nia ma} have participated m the pro- 
duction of this intestinal anomal} Finally the time-honored explanation of 
failure of 1 e-establishment of the bowel lumen after epithelial Inperplasia had 
occurred may be prudently invoked'’ despite Grieg’s’’ contention that congenital 
microcolon represents physiological rathei than anatomical error 

Although a gesture was made surgicall)' to anastomose the ileum to the 
descending colon it was appreciated, during the operation, that the colon wa= 
too nairow to be of physiologic value This conjecture was borne out b> the 
infant’s deatli eight days aftei the second operation 

SUMMARY 

A case is piesented of congenital stenosis of the terminal ileum and entire 
colon in a white female infant There was a fatal outcome in 18 da\s despite 
two surgical eflorts to correct the defects A rather unusual finding was the 
presence of a duct which joined a portion of widclv dilated ileum to the 
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umbilicus Surgical cure was impossible by virtue of the extensive anatomical 
defects 

The authors wish to acknowledge their thanks to Dr A Clarence Rice and Dr Adrian 
Racinos, pathologists at Children’s Hospital, Washington, D C, for performing the 
autopsy and permitting use of their data in this paper 
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Antibiotic therapy is greatly simplified when 
CSC Crystalline Procaine Penicillin G in Pea- 
nut Oil with aluminum monostearafe is pre- 
cnbed A single 1 cc injection (300,000 units) 
produces therapeutic blood lev^els for 96 hours in 
over 90% of patients, and for 48 hours in all patients 
For certainty of therapy, this preparation need 
not be given, as a rule, more often than once 
every other day 

Crystalline Procaine Penicillin G in Peanut 
Oil-C S C contains 300,000 units of micronizcd 
procaine penicillin per cc , together ^v^th 2% 
aluminum monostearate for producing a thixo 
tropic suspension This outstanding penicillin 
preparation is free flowing and requires no re- 
frigeration It IS indicated in the treatment of 
most infectious diseases amenable to penicillin 
therapy 

Crystalline Procaine Penicillin G in Peanut 
Oil-C S C IS available at all pharmacies in eco- 
nomical 10 cc size rubber-stoppered vials (300,000 
units per cc ) Also in vials containing 300,00 
units (1 cc ), m boxes of five vials 
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MASSIVE HEMATEMESIS* 

ANALYSIS OF 300 CONSECUTIVE CASES 
Cyril Costello, M D 

St Louis, Missouri 

FROM THE DEPARTMENTS OF SURGER'i, WASHINGTON UNIVERSITY MEDICAL SCHOOL 
AND ST LOUIS Cin HOSPITAL , 

One could not justifiably undertake to discuss the topic of massive 
hematemesis without reference to much m the vast library of reports on this 
subject but because of its extensiveness a thorough review cannot here be 
presented Adequate reports have been made by Gray and Sharpe,^ Zmninger,^ 
Meulengracht,^ Heuer,"* Meyei,® Eads,** Allen and Benedict,’' Hinton,^’** 
Balfour,^® Jordan and Kiefer,^^ and a host of others In seeking, however, to 
learn the best methods for management of this grave condition, one encounters 
a divergence of opinions among authors as to whether treatment should be 
medical oi surgical and if the latter, how such cases are to be selected Other 
problems m therapy include those concerning the advisability of using gastric 
siphonage, oral feeding, blood tiansfusions, and sedation 

In order to arrive at a better understanding of the principles of anatomy, 
physiology, and pathology involved and to correlate these principles with a 
plan of rational therapy, a study was undertaken at the St Louis City Hospital 
In this study, 300 patients who had presented the symptoms of massive and 
severe hematemesis were selected No patient was included m this study who 
had not vomited large quantities of gross blood and who did not show evidence 
of blood loss by shock or by severe anemia or by both Thus, individuals who 
may have vomited as much as a cupful of blood, but who did not show evidence 
of shock or severe anemia, were omitted A second portion of this project was 
begun early m 1946 and consisted of treatment of those patients presenting 
massive hematemesis according to a modified plan The results m this series 
of 73 patients have also been determined 

CAUSES 

In our series of 300 patients (Fig i), chronic duodenal ulcer leads the list 
of causes, accounting for 171 patients or 57% No diagnosis was made m four 
patients (13%) Acute gastritis was the underlying cause of massive hema- 
temesis m 42 patients (14%) ^^hlle chronic gastric ulcer accounted for 33 
patients (11%) Ruptured esophageal varix occurred in 24 patients (8% ) and 


* Submitted for publication, December, 1948 
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chronic gastritis in 12 patients (4%) Gastric carcinoma was one of the rarer 
causes of massive hematemesis accounting for only four such cases (13%) 
Marginal ulcer occurred in foui patients (13%), Curling ulcer in tivo patients 
(.6%) and carcinoma of the esophagus in three patients (1%) while trauma 
of a bullet wound was the cause m one patient (3%) 

SEX AND AGE INCIDENCE 

Two hundred and forty-seven of the patients (82%) were males while only 
53 patients (18%) were females (Fig 2) The incidence of massive hema- 

CAU5ES or massive: hematemesis 

IN 300 CASES 



temesis was greater between the fourth and eighth decades in both sexes, t 
highest incidence occurring m the sixth decade (23% of the males) 


MORTALITY IN PATIENTS TREATED BY CUSTOJIARY MEASURES 

The overall mortality rate m 300 cases was 25% Consistent 
tions and reports of others studying this subject, mortality rate vas 
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increase in those who had reached or passed the fifth decade of life Thus it 
was seen that among males, while in the fourth decade, only io% died, 20% 
died in the fifth decade, 28% m the sixth, and 38% in the seventh (Fig 3) 
Certain pathologic lesions bore a higher mortality incidence than others (Fig 
4) Thus of four patients who bled massively from carcinoma of the stomach, 
all died The two patients with Curling ulcers, both died, and three patients of 
the four who presented marginal ulcers died Of the 24 patients with ruptured 
esophageal varices, 71% died and in those patients who bled from carcinoma 

SEX AND AGE INCIDENCE OF MASSIVE HEMATEMESIS 

IN 300 CASES 



of the esophagus, 66% died Of 33 chronic gastric ulcer patients, deaths ensued 
in 48%, wdnle in those wuth chronic duodenal ulcer only 13% died In patients 
who presented acute gastritis (42) only 12% died, and of those w^ho presented 
chronic gastritis as the basis of massive hemorrhage (12) 9% died 

PATHOLOGY 

Surgical or autopsy examination afforded opportunity for pathological 
examination in about 85% of those patients wdio died Of particular interest 
and significance w^as the status of tlie eroded blood vessel As is well known, 
the commonest vessels involved in such major upper intestinal hemorrhages 
are the branches of the right and left gastnc and the pancreatico-duodenal 
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arteries and the esophageal veins The size of vessels involved varied from 
large and prominent gastric arteries to those involved in multiple superficial 
gastric ulcers which could not positively be identified In one instance erosion 
of a chronic gastric ulcer had extended into liver sinusoids 

Sections of arteries and veins involved were not obtained in all instances 
However, in those who died with erosion of a large, easily demonstrable artery 
(usually in the base of a chronic ulcer) microscopic studies were usually per- 
formed In nearly all of these sections there was seen and described a partial 

MOQTALITY 8Y AGE AND SEX 
IN 300 CASES OF MASSIVE HEMATEMESIS 


^ MALE 
E3 FEMALE 



> T ^ ^ ^ on on 

10-20 20 30 30-40 40*50 50-60 60-70 70-80 60 ^ 

AGE IN YE AOS 

Fig 3 


or complete block of the eroded wall by antemortem thrombus, and in these 
the stomach and duodenum contained little or no fresh blood This demonstra 
tion of thrombus formation in even large eroded gastric arteries is of parainoun^ 
importance in arriving at a rational plan of therapy It is evident that nianj 
these patients did not die, as has been commonly assumed, from acute 
guination through a wide open artery This misconception has led to 
mendations that patients with arteriosclerosis and chronic ulcers ® 
subjected more promptly to operative closure of the bleeding point ^ 
rather appear on the basis of pathologic studies that just the 3 

for thrombus has often already formed prior to the time of deat 1 an 
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death, therefore, must be attributed not to continued acute hemorrhage but 
rather to the complications of diminished blood volume (shock, cardiac failure, 
anemia, pneumonia, etc ) produced after the hemorrhage had ceased This 
fact IS confirmed by the clinical course of patients who died They did not die 
m a matter of minutes or hours (with one exception) as would be expected 
from a persistent fulminant hemorrhage, but died from two days to three 
weeks after the onset of bleeding Of the 75 patients who died, “/i oi them 
did not receive even a moderate fraction of blood which would have been 
required to replace the amount lost 

On this evidence then one must logically leason that therapy should pri- 
marily be directed not toward suigical closure of the m)ured vessel which 
natural processes often will close spontaneously, but toward support of the 
depleted blood volume 

PHYSIOLOGY 

The body response to massive blood loss is well known In an attempt to 
supply vital centers with the remaining blood volume there is a generalized 
vasoconstriction, an increased rate of heart action, and absorption of tissue 
fluids into the general circulation If inadequate blood volume continues, 
anoxia with its irreversible tissue damage ensues In view of the univeisal 
acceptance of this well-established fact, it is surprising to find recommendations 
still made that in such a situation blood should not be used or if used, should 
be used spaiingly The theoiy that restoring blood pressure risks “blowing 
out” a forming thrombus has no scientific substantiation while on the othei 
hand, no one has yet been able to impiove on shock-prevention as the best 
shock-therapy To uait for a fall of blood pressure to 80 or 100 mm of mer- 
cur}^ before administering a “small transfusion” as is often recommended is a 
direct contradiction of sound physiologic principles 

BLOOD REPLACEMENT PLAN 

If these pathologic facts and physiologic principles ai e correct, the optimal 
choice of treatment in massive hematemesis should be essentially replacement 
of as much blood as has been lost as promptly as possible until thrombus 
formation has sealed the eroded vessel or vessels In testing these principles 
during the past two years, 73 patients were treated by adequate and prompt 
blood replacement The distribution of these 73 patients by sex and age corre- 
sponds close}} to that of the previous group studied There wei e foi example 
51 of these 73 patients who had reached or passed the fifth decade of life, and 
there were eight of these who had reached or passed the eighth decade of life 
Operative interference during active bleeding was not undertaken in any of 
these cases Feedings were usually administered, and the type of feeding varied 
between the Meulengracbt diet, the Sippy diet, liquid diet, and protein-dextri- 
maltose ( pre-digested”) liquids As should be anticipated, the difference in 
mortality rate was striking (Fig 5) Only 4% of this group of 73 patients 
died as compared to 25% of the 300 treated by various methods 
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In further analyzing this difference in mortality, it is clear that the single 
most important factor m minimizing death has been that of adequate blood 
replacement It is highly doubtful if this policy could be routinely used in an 
institution which does not have a blood bank facility The total quantity of 
blood required by many of these patients is enormous as judged by transfusion 
standards of a decade ago Often patients who had lost large quantities of blood 
and who were still bleeding when admitted to the hospital received as much as 
three and four liters of blood during the first 24-hour hospital period The 
frequent use of intravenous saline solution should be condemned as it does 
nothing toward re-estabhshmg blood volume, and encourages pulmonar}' 
edema The fluid of most value to be used while blood is being cross-matched 

MOQTALITY (25%) 

75 DEATHS IN 300 CASES 



CAQCINOMA CUQL1N0 MARGINAL QUOTUQCO CARCINOMA CHRONIC CHROMIC ACUrt WTO 

STOMACH ULCCQ ULCCQ CSOOHAOCAL ESOPHAGUS GASTRIC DUODENAL GASTRITIS 0A5 


vaqix ulcer Ulcer 


Fig 4 


is plasma Another essential for enforcing adequate blood replacement 
leadily available facility for rapid determination of blood requirements 
need for blood cannot properly be determined by a patient’s general apprar 
ance, pulse, or blood pressure The older methods of blood study sue as 
blood count and hematocrit are either undependable or too coiisiiwifW 
to be of value m these cases The most desirable method for accurate^! 
lowing blood volume changes is the copper sulfate falling drop metho 
device for this simple procedure has been set up on the hospital 
in the matter of a few minutes with only a few drops of blood, t e ini 
houseofficer is able to discover the specific gravities of blood and p asma, 
hemoglobin, and the hematocrit 
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In addition to blood volume replenishment, several other factors have been 
given special attention 

1 ) Gastric siphonage 

2) Diet and antacid therapy 

3) Sedation 

4) Surgery 

5) Early differential diagnosis 

i) Gastric Siphonage The insertion of a Levine tube via the esophagus 
into the stomach was seen to produce fatal hemorrhage in two patients It 
was instrumental in provoking increased hemorrhage in several others Ice 
water for lavaging was used in the two cases of fatality, and one of these 

1Q46 - 1947 

(adequate blood QEPLACCMENT) 


73 PATIENTS - 3 DEATHS 

(47. mortality) 



AGE IN YEAQS 


Fig S 


patients expired while the process was being carried out The danger of 
traumatizing a varix or ulcer should interdict use of the tube unless there is 
definite gastric distention and nausea 

2) Diet and Antacid Theiapy The question as to whether feeding should 
or should not be employed has long been debated Meulengracht has reported 
favorably on feeding pureed diets although a large proportion of his ulcer pa- 
tients presented only minor bleeding In the light of current knowledge that 
most of these patients have a deficit of protein and vitamin vhich impedes 
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tissue repair, it becomes imperative that they receive large amounts of readily 
assimilable protein, carbohydrate, and vitamin The most satisfactory method 
for administering these essentials we have found has been oral ingestion of 
200 cc every two hours of the following preparation 


Predigested protein powder (polypeptide) 150 Gm 

Dextri-maltose 300 Gm 

Vitamin C (cevitamic acid) i Gm 

Liquid multiple vitamin i cc * 

Water q s 2400 cc 


This preparation is well tolerated with rare exception and serves not only 
the purpose of supplying greatly needed nutriment but also produces sympto- 
matic relief of ulcer pain This is apparently accomplished through the protein 
antacid eflfect which is much more effective in degree and m duration than the 
iUore commonly employed antacid powders This same preparation has been 
highly satisfactory in relieving severe ulcer pain of impending perforations 
The poly peptide component is used rather than amino acids since it is palatable 

3) Sedation The most generally adopted plan for sedation in the past 
has been that of administering morphine or barbiturate as needed In practice 
this usually degeneiates to a matter of a sedative being finally given after the 
patient has repeatedly complained to the nurse of restlessness, fear, or pain 
The numerous psychogenic impulses attendant upon massive hemorrhage and 
nausea have appeared often to provoke fuither active bleeding and it has, 
therefore, been our policy to relieve these patients totally of their adverse 
stimuli This has been accomplished by administering a single initial dose of 
morphine followed by hypodermic injections of two grains of sodium pheno- 
barbital every two hours as needed to keep the patient drowsy We have 
Considered the patient properly sedated when it is necessary'- physically to 
Pli ouse him in order to obtain replies to questions The danger of oversedation 
must, of course, be carefully avoided 

4) Siugeiy The major disadvantages to surgical procedure during active 
bleeding are a) Patients are in poor condition from blood loss and while 
bleeding is active they may'^ be expected to become worse 

b) Nutritional deficiencies of a chronic nature must be anticipated in pa- 
tients whose ulcers are active enough to have produced eiosions of major 
vessels Operations undei taken before these deficiencies have been corrected 
must result poorly' in many cases 

c) The nature and location of the ulcerative lesion cannot safely or 
accurately be determined early' in the course of hemorrhage and routine opera 
tive approach with its risk cannot be serr'iceable or successful enough in treat 
mg all causes of massive hemorrhage to justify' its use As pointed out )) 
Stone^^ such an operation may still fail to discover or relieve the trouble 

d) Finally', the ultimate test of value, that of clinical results in the non 

* Any liquid vitamin which contains the daily requirements should suffice Upjo 
“Zymadrops” has become our material of choice 
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suigical treatment of massive hemorrhage speaks unequivocally against opera- 
tive interference Prior to our initiation of this non-operative plan of therapy, 
ten patients had been operated upon late but while still bleeding and death 
ensued m 90% 

An interesting study in this regard is being conducted by Stewart^^ et al 
They are combining massive blood replacement and exploratory laparotomy 
within the first 24 hours of hospitalization Their results in such treatment 
of 19 patients have been accompanied by four deaths representing a mortality 
of 21% which may improve as the senes of cases enlarges but which we doubt 
will ever compare favorably to active and complete non-surgical management 

A word should be said about that small group of patients who continue 
bleeding foi seven to ten da)'-s or who begin bleeding again after apparent con- 
trol While the urge to intervene is great, the wisdom of persisting in the 
plan as set forth has been demonstrated conclusively in this senes in that 
all patients finally ceased bleeding and weie impioved to the point that suigery 
could be undertaken without great risk On the other hand, the inadvisability 
of operating on this type of patient is forcibl} demonstrated by our extremely 
poor results of nine deaths in those ten patients so treated pi lor to our adopting 
the non-surgical plan 

5) Rally D'lffeiential Diagnosis The patient with active or lecent major 
intestinal hemorrhage should not be subjected to enthusiastic diagnostic 
loutines Hemoiihage should be treated only symptomatically until conti oiled 
and then the mattei of diagnosis may be pui sued without the great danger of re- 
precipitating 01 exaggeiatmg hemorrhage In our own series of patients ve 
have seen major hemorrhages le-started by barium studies and gastric analyses 
The information so obtained rarely if evei alters the prescribed course of 
therapy early in the condition and so it becomes a matter of accomplishing an 
earlier diagnosis solely for the purpose of the record at the expense of in- 
creased mortality It lequires seven to ten days for moderately fiim fibio- 
blastic tissue reaction to form in an oiganizing thrombus and this picture 
should be borne m mind by the gasti oscopist and fluoioscopist lest irreparable 
harm be done 


SUMAIAKY 

Some of the results fi om a study of 300 patients with severe, massive hema- 
temesis have been presented The results of 73 patients treated by a massne 
blood replacement plan have also been presented Mortalit} by this latter plan 
has been reduced to 4% Theie vas no death from chronic peptic ulcer, the 
commonest cause of massive hematemesis 

T/ia joUoioing plan is, theiefore, recommended for treatment of massne 
hematemesis during the activety bleeding stage 

1) Careful determination of blood needs by' the copper sulfate falling drop 
method repeated frequently 

2) Complete restoration of blood as promptly as possible 
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3) Oral administration of predigested protem-carbohydrate-vitamin mix- 
ture 

4) Adequate, continuous sedation 

The folloming piocedures have been found to increase mortality during the 
actively bleeding stage 

1) Surgery 

2) Indwelling stomach tube with constant suction 

3) Gastric lavage 

4) Active gastric diagnostic studies 

The problems in management of these patients after the active hemorrhage 
stage has passed have not been the province of discussion at this time, but 
instead, emphasis has been placed on the principles and factors of importance 
in the management during the stage of active hemorrhage Following the con- 
trol of hemorrhage and the restoration of nutrient and blood essentials, the 
advisability of elective surgical intervention may more easily be determined 
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THE MANAGEMENT OF BLEEDING DUODENAL ULCERSn 
Robert W Fraser, M D , and John P West, M D 

FROM THE SURGICAL SERMCC ST LUKES HOSPITAL 

New York, N Y 

The surgeon faces few therapeutic problems that are more per- 
plexing than the management of a patient who has had a sudden, massive 
hemorrhage from a duodenal ulcer It is a question of which course of action 
IS most likely to lead to recovery, and when confronted with the individual 
case, statistics do not provide the answer Reports have been difficult to inter- 
pret as authors have not always set down clearly their criteria for placing a 
patient in the severe hemorrhage group 

Recent publications by Heuer,^ Gordon-Tayloi and Hinton,^ indicate that 
the present mortality rate without operation varies between 8 and 12 per cent 
in the United States and England, while MeulengrachP repoi ts the death rate 
in Denmark, under his fiee feeding legime, as 2 5 per cent These results are 
a distinct improvement over the mortality late of 15 to 74 per cent reported 
much earlier by Gordon-Taylor,^ Finsterei,® Chiesman,'^ Allen,® and others 
The improvement m the nonoperative gi oup appeal s to be due largeh to the 
more generous use of blood transfusions 

Surgeons quite naturally have been interested in a direct attempt to stop 
bleeding by ligation of the bleeding vessel or vessels This objective, as a 
rule, has been accomplished by gastric lesection with excision of the ulcei 
and ligation of the vessels adjacent to the ulcer In tlie past such a major pro- 
cedure- in a seriously ill patient usually earned a high mortaht)'’ although 
Gordon-Taylor’’ in 1939 reported a series of 18 cases operated upon vithm 
24 hours of the onset of bleeding with only one death, a mortality rate of 
5 per cent, and Heuer^ in 1946 reported a 10 per cent mortaht}’’ in 21 cases 
operated upon at the New York Hospital According to the same authors, 
operations performed 48 hours 01 longer after erosion of a large vessel re- 
sulted in a 50 to 70 per cent mortality rate 

These figures support the repeatedly stiessed advice that, if surgeiy is to 
be carried out with a lov mortality the decision to operate must be made 
eaily This decision is frequently a difficult one because during the first 48 
hours there is no certain nay by uhich the fatal type of hemorrhage can he 
differentiated from bleeding vhich \m11 stop iMth nonoperative measures 
Continuous recurrent, or sudden massne hemorrhage under a strict medical 
regime generally are accepted as the prime requisites for operation during the 
bleeding stage 

Mikulicz^'’ reviewed the pioblem of ti eating bleeding duodenal ulcers 51 

* Read before the Section on Surgerj, the New York Academj of Medicine, New 
York, N Y, October 3, 1947 

t Submitted for publication October, 1948 
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years ago and came to the conclusions as did Kronlem “ about lo years later 
that operation during the phase of active bleeding was extremely hazardous 
and that the patients stood a much better chance of survival if subjected to a 
conservative regimen 

It was Fmsterer/^’ who drew attention probably more emphaticalh 
than any other surgeon to the high mortality rate which followed late inter- 
vention in bleeding duodenal ulcers After watching several deaths in young 
persons, he started his policy of operating at the end of 48 hours if the lienior- 
’-hage had not stopped In his estimation, the third day was the critical period 
after which surgical intervention resulted m a disproportionately high mor- 
tality In 1918 he started the first of a long series of contributions advocating 
early intervention with gastiic resection and pyloric exclusion In 1933 he" 
reported 46 cases operated upon eaily (within 48 hours) with a mortality rate 
of 4 3 per cent and a group of 55 patients operated upon after this inter\'al 
with a mortality rate of 32 7 per cent His enthusiasm for early intervention 
has been shared by Allen and BenedicF^ in so far as it pertained to the older 
age group 

While blood transfusions were used during these years, the blood was not 
administered in the generous amounts that were found beneficial in treating 
traumatic hemorrhage encountered in World War II With adequate blood 
leplacement, which is possible with a reliable blood bank, both the internist 
and the surgeon aie allowed more time in which to plan a patient’s therapeutic 
course and there is reason to believe that this factor alone will result in im- 
proved mortality figures for both the operative and nonoperative cases 

It IS interesting to note that Gordon-Taylor,^ who was one of Finsterers 
early adherents, recently has changed his view's about the urgenc) of imme- 
diate surgery After making an intensive study of the disease in Great 
Britain, he has been impressed by the impiovement in nonoperative measures 
now being employed and m his latest article arrives at the conclusion tliat 
“wdiile Fmsteier’s third day may possibly be a critical period for operation the 
successful intervention at a later date in patients suffering from bleeding 
belie the universality of the dictum " 

We have reviewed the records of 177 patients wuth severe bleeding rom 
duodenal ulcers The diagnosis was established by roentgenograph), opera 
tion, or, in the fatal cases, by autopsy The criteria of severe bleeding 
drop m hemoglobin to 65 per cent or less and a reduction in re ® ° 
3,500,000, or less One hundred and eight of these patients had a hetnog 0 
of less than 50 pei cent and a red count of less than 2,500,000 

In this senes of 177 cases (Table I) there w'as a total of ii I' 

tahty rate of 6 2 per cent One hundred and sixty-five patients were re 
by nonoperative measures with seven fatalities, a mortality rate 0 4 
cent Twelve patients did not show a satisfactory response to 
treatment and were operated upon while actively bleeding All w ere 0^^ 
upon m the late period, that is after more than 48 hours of rapi 
and four died, a mortality rate of 33 3 per cent 
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There were 93 patients under 50 years of age (Table II) Nine were 
treated by operation with three deaths, a mortality of 33 3 per cent, but there 
were no deaths in the group of 84 patients treated without operation 

There were 84 patients over 50 years old (Table III) Three were treated 
by operation with one death, a mortality of 33 3 per cent Eighty-one were 


Table I — Bleeding Duodenal Ulcers 


Treatment 

Number of 
Patients 

Deaths 

Mortality % 

Non-operative 

165 

7 

4 2 

Operative 

12 

i 

33 3 

Total 

177 

11 

6 2 


Table II — Bleeding Duodenal Ulcers 


Under Age 50 
Number of 


Treatment 

Patients 

Deaths 

Mortality % 

Non-operative 

84 

0 

0 0 

Operative 

9 

3 

33 3 

Total 

93 

3 

3 2 


treated by nonoperative measures and seven of these died, a mortality of 
8 6 pel cent Since there were no deaths among the patients under 50 years 
of age who were treated without opeiation, it would appear that age is a 
factor of some importance in estimating the chance of survival of a patient 
under conseivative treatment 


Table III - 

—Bleeding Duodenal Ulcers 



Treatment 

Over Age 50 
' Number of 

Patients 

Deaths 

Mortality % 


Non-operative 

81 

7 

8 6 


Operative 

3 

1 

33 3 


Total 

84 

8 

9 5 



Of the patients beyond 50 years of age who died of hemorrhage, the 
advent of the bleeding phase of the ulcer generally was accompanied by addi- 
tional pathologic conditions which contributed materially to the ultimate 
demise Arteriosclerosis appeared to be one of the most important contribn- 
taiy causes of death (Table IV ) 

A summary of the operative deaths is shown m Table V Two of the 
four operative deaths appear to have been caused b} pulmonar} complica- 
tions wdiile the other tw^o deaths w'ere due to failure to control the bleeding 
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by operation, in one case a transduodenal suture of the bleeding ulcer Mas 
attempted and in the other the ulcer was not excised at the time of the gastric 
resection and continued to bleed 


Table IV — Bleeding Duodenal Ulcers 
Analysts of Non-operative Deaths 




Lowest 

Trans- 

fusions 

Whole 

Blood 

Duration of 
Life After 
Bleeding 


Sex 

Age 

HB 

R B C 

Started 

Comments 

Male 

60 

38% 

23M 

None 

11 hours 

Admitted to G U service mth hydronephrosis 
luetic aortitis coronary sclerosis 

Male 

73 

45% 

2 2M 

1000 cc 

21 days 

Slow blood loss Bundle branch block Seni!» 
dementia 

Male 

80 

32% 

2 1 M 

500 cc 

13 hours 

Cirrhosis of liver Coronary sclerosis Diabetes 
Melhtus Senility 

Male 

60 

49% 

2 5 M 

500 cc 

11 hours 

Paresis cerebrospinal syphilis Death from 
cerebral embolus 

Male 

63 

18% 

1 OM 

6200 cc 

4 days 

Posterior ulcer which did not penetrate into 
pancreas 

Male 

65 

46% 

2 1 M 

1000 cc 

3 days 

Sudden death without shock Large substemal 
mass 

Female 

50 

41% 

2 3M 

3600 cc 

12 days 

Marked arteriosclerosis Died of cerebral hemor 

rhage with HB of 72% 


Table V —Bleeding Duodenal Ulcers 


Lowest 


Sex 

Age 

HB 

Male 

36 

4..% 

Male 

38 

54% 

Male 

29 

37% 

Male 

67 

42% 


Analysis of Operative Deaths 
Duration of Trans- 
Previous Pre- fusions 

Bleeding operative Whole 

R B C Episodes Bleeding Blood 


2 6 M 


3 IM 1 


2 OM 


2 1 M 


3 days 2750 cc 


11 days 

4 days 


2000 cc 

2800 cc 


4 days 5500 cc 


Comment 

T,„,- Depth ho. he.t"“' 

ISohl ...topeflt'"*”' 

suture 

tive day 


,1C 


The results m patients under 5° this g™"P 

.^p^sr^H It IS unliuely .hat the — - ,, ,en^ 

be kept at zero ■ndehn. dy - do tele 

that the death rate should be under 
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Allen^® in his study of this problem has come to the conclusion that if surgery 
IS to be undertaken in patients under 50 years of age it is difficult to visualize 
a mortality rate of less than 5 per cent, if an adequate operation is carried out 
He defines as adequate some type of gastric resection which controls the 
blood supply of the gastroduodenal, right gastric and gastroepiploic arteries 
The problem of surgical intervention in the patient who has survived a 
severe hemorrhage is a difficult one Hinton^” has shown that a high per- 
centage of patients suffer only one severe hemorrhage and Lahey^® in a study 
made at his clinic found that of 100 patients treated by a high gastric resection 
with removal of the duodenal ulcer, 28 bled at soine time subsequent to the 
operation Five of these patients w^ere proven to have jejunal ulcers 

SUMIMARY AND CONCLUSIONS 

1 The total mortality in a group of 177 consecutive patients suffering 
moderate to severe hemorrhage, from duodenal ulcer, w as 62 per cent 

2 Nonoperative treatment of 165 patients resulted m 7 deaths, a mor- 
tality of 4 2 per cent 

3 Operative treatment of 12 patients suffering from severe and uncon- 
trolled hemorrhage w^as followed by 4 deaths, a mortality of 33 3 per 
cent 

4 Operation apparently saved the lives of four patients in this senes but 
at the same time it appears probable that some of the patients subjected 
to operation might have survived without surgical intervention 

5 The occasional indications for suigical treatment of bleeding duodenal 
ulcer are limited wnth few^ exceptions to patients over 50 years of age 
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THE EFFECT OF INJURY ON WOUND HEALING* 

Ph Sandblom, M D , M S 

Stock.iioi.5I, Sweden 

I ROM THE PH\blOI OGICAL department OF KAROUNSKA INSTITUTET (chief PROF E S \QNFULER) 

AND THE SURGICAL DEPARTMI NT OF KRONPRINSESSAN LOVISAS BARNSJUKHUS (CHIEF PH SANDBl OM) 

Thb NAiURC of the initial force in \\ound healing still remains an unsolved 
proldem In 1892 Wiesner-’ suggested that injured cells release substances 
which stimulate normal cells to multipl) , and in 1921 Haberlandt’ ’ pro\ed that 
damaged plant cells release a substance which promotes proliferation of other 
living cells of the same kind He called this substance a wound hormone In 
1912 Carrel’’ discovered that emliryonic tissue juices stimulate epithelial cells 
and fibroblasts m viho to intense proliferation 

Fischer^® found in 1930 that tissue culhnes m vitio grew' faster after being 
traumatized He believed that a phospho-protein or a nucleo-protein was 
responsible for this effect It has not as yet been possible to decide, how'ever, 
whether wound healing in living organisms is initiated and promoted m the 
same manner The hypothesis lay close at hand that if such substances were 
produced by w'ounds in living organisms they could be released into the 
circulation and promote healing 111 other parts of the body Several investi- 
gators, among them Loiin-Epstein,^® 1927, and Frankel,^- 1928, reported 
observations to support this hypothesis, but it w’as not until 1941 that Young, 
Fisher and Young-'' gave evidence that w'as statistically satisfactory 

They made superficial skin defects on the backs of rabbits, measured the 
healing rate planimetiically, and found that if secondar) w’ounds were inflicted 
10-12 days after primaiy wounds, the former healed more rapidly than the 
latter At the same time the present author w'as studying how' the healing of 
sutured cutaneous incisions w'as affected by different local and systemic factors 
For mensuration of the healing procc'^s the tensile strength (T S ) of the 
wounds W'as tested by the method originally described by Chlumsky,’* 1899, 
and further developed by Haive}^"* and Howes and Harvey,^'’ 1930 The 
results of this woik were leported in 1944^'' Among the ^a^lous control 
series there was one in w'hich symmetrical wounds were made with an interval 
of 7-13 days betw'een them It w'as found that the rate of healing of the 
secondary w'ounds as expressed by their T S on the 5th to 7th day w'as 
greater than that of the primar} wounds This finding supported the results 
obtained by Young et al and showed that m sutured incised wounds the fibro- 
plasia as expressed by the returning T S is accelerated if the organism is 
already engaged in a healing process 

The following cxpciimental series demonstrates this healing-promotmg 
effect For technical details and statistical considerations the reader is rc- 
fcircd to the author's pic\ious work’” In a senes including n rabbits two 
Submitted for publication, October, 1948 
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incisions, one in front of the other, were made on the back ot each \iter 
exactly five days the wounds were excised and their tensile strength (T S ) 
measured using a tensiometer (first observation T S Gm ) Fifteen da) s alter 
the first wounds had been made two new incisions were made on the otlicr 
side of the body, strictly symmetrical with the first ones These i\ere aho 
excised on the fifth day and measured m the same way (second obsen'ation 
T S Gm ) The values obtained representing the T S in grams are shown in 
the table 


Table I — Wound age 5 days, interval 15 days 


First 

Second 

Relative 




Observation 

Observation 

Difference 




T S 

T S 

Second Minus 



No 

Gm 

Gm 

First Observation 

Mean 


9 

196 

365 

60 

54 



260 

423 

48 



10 

358 

453 

2j 

30 



246 

360 

38 



11 

266 

337 

24 

11 



258 

252 

-2 



12 

208 

357 

52 

81 



142 

492 

110 



15 

367 

634 

53 

■>0 



311 

510 

48 



16 

420 

810 

63 

56 



406 

668 

49 



27 

292 

355 

19 

-10 



412 

277 

-39 



29 

240 

454 

62 

79 


206 

590 

96 



30 

345 

570 

49 

2S 



308 

333 

s 



35 

495 

379 

-27 

22 


200 

416 

70 



36 

187 

(103) 

203 

(450) 

8 

S 



n = 11 m = 37 2 

db 8 84 o 

= 29 3 M ~ ^ 


— 


difference between tlit 

The relative difference given for each pair is t e 
second and the first observation in per cent of their ave jccond 

from the whole series is an expression of the ^ifteren sigwib 

and first observation and has been used for examina i 
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100 m 

cance (A modification of m written M = loo— m has a more ob\ ions mean- 

2 

mg it expresses in per cent the increase or decrease m T S ot the second 
observation in comparison with the first ) 

The results are shown in the diagram (Fig i), in which the mean of the 
T S of the two primary wounds is represented by a white lectangle It has 


15 


days interval 


Tb of 
wounds 
in gms 



80 

50 


'Relaiive 
difference 
P c 

0 




mean 


- 50 ^ 

Fig I — The upper diagram shows the T S of the primarj wounds as wliite lectangles 
and the T S of the secondary wounds as shaded rectangles llie lower diagram show's the 
relative difference between the T S of tlie secondary and the primary wounds The 
interval between the infliction of the pnmaiy' and the secondar\ wound was 15 dajs and 
the T S was measured on the 5th day throughout 


been put next to a shaded rectangle representing the same values for tlie 
secondary w'ounds The mean relative difference in per cent has been repre- 
sented on the low'ei grapli When it is positive it means that the secondary 
wounds W'eie stronger than the primary ones, w'hen it is negatue the} were 
weaker 

It may be seen from Table I and Figure i, that the secondary wounds were 
stronger than the primary w ounds m all instances but one, and that the mean 
difference is 37 2 dz 884% which is a statistical!} significant \alue 

The cause of this healing-promoting effect is not known It is not likel} 
that it IS due to local influence, as the w ounds w ere made far apart on opposite 
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sides of the body-that ,s to say, m sections i».th separate arc„lat,rVm 
secondary wounds might heal under somewhat increased tension after il, 
primary wounds have been excised but the difference, ,l any, ,s crobabli 

insignificant Weiss-- has shown that tension has a directive effect on tissue 
growth w vih o ) 

If the cause is^a systemic change there are several possible explanations 
The oldest is the "wound hormone” concept As mentioned above, such sub 
stances have been shown to be released by injury to plants and to tissue cultures 
in vih 0 Foi more information the reader is referred to an article by Davidson,'* 
a monograph by Fischer^ and articles by Cook and Pardon ct al'' and bj 
Loofbourow and associates^' Through the investigations of the latter some 
knowledge has been obtained concerning the nature and production of growth- 
promoting substances m tissues m vitio In contrast to this is the fact that in 
living organisms the existence of such growth-promoting substances is still 
hypothetical, although the neuro-regenerative growth substance of v ]\Iuralt’'' 
might be of this type 

Anothei possible explanation of the healing-proinoting effect is that it ma> 
be I elated to the catabolic phase of protein metabolism that follow'S injury 
(Cuthbeitson'’) — in other words, that it is a phase of the so-called adaptation 
reaction (Selye'"*) associated with hyperactivity of the achenal cortex 

This relation may lie conceived m many ways, the simplest being that the 
inciease m protein bieakdovn products in the circulation offers a richer siippl) 
of nutrition for tlie proliferating fibroblasts Ciithbertson'' believed that the 
changes \ihich he had found to occur after injury were the result of the 
organism’s catabolizmg its reserves to meet the exigencies of repair A com- 
bination of ‘‘n ound hormone” mechanism and protein catabolism should also 
be considered 

It was felt that more data on the action of the healing stimulating e ect 
would be of value m the search for an explanation of its nature and cause 
The following questions seemed to be of primary interest 

1 The changes occuiimg in the healing-pi omotmg effect with the pas'^age 

of time , 

2 The diffeience between the healing curves of the primarj 

secondary wmunds jj,p 

3 The lelationship between the extent of injury and t e egr 

healing stimulating effect ,nfIiMdtmls 

The wide vaiiation m the rate of wound healing in i erei 

and also m the same individuals at different times com ^ l^rge 

expel imental errors associated with available methods nec 3^,1 

numbei of experiments to procure values that would pe 
comparisons Hence m the diagrams shown each point is 
nation of in general, at least 40 wounds in at least onh the 

mg tables, of which Table I is an example have ,n 

resulting m-values with the corresponding standard 

the diagrams 
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A major drawback to the method which may be mentioned is that the 
primary or control wound is identical with and hence inseparable from the 
stimulus, 1 e the injury When therefore the control is altered — for example, 
for studying the strength of wounds at different stages in order to construct the 
healing curve — the stimulus is changed according!} Moreorei, the mjur} is 
two-fold — it consists of inflicting the i\ound and excising it latei for examina- 
tion These facts must be borne in mind u hen the results are e\ aluated 
For the experiments 800 wounds from 200 rabbits weie examined 



Fig 2— Tlie mean relatuc difference between the T S of the sccondai}, and the 
primary wounds (= the healing-promoting effect) is represented on the \crticai axis 
The interval in days between tlic infliction of the secondary and the primary wounds is 
represented on the honrontal axis The T S was measured on the 5th da^ throughout 

1 THE CHANGES OCCUUUINC. IN 1 UE UEALING-PUOMOTING El FECT 
WITH THE PA&SVGE OF TIME 

Nine gioups with at least ten rabbits in each w'ere used The secondary 
wounds w'ere made 12 and 24 hours, 2, 6, 15, 25, 35 and 65 dais after the 
piimary wounds lespectively The results aie shown in the diagram (Fig 2). 
each value with its standard error The curie shows a steep use the first 
two days, a flat summit up to the 25th day, and then a slow decrease tow'ards 
the 45th da} The standard erior increases with the tune mteival This is 
supposedly due to the fact that uncontrolled changes in the condition of 
individuals occur with increasing frcquenc} As theie was a suggestion of 
a negative phase at the 45th day this group was enlarged to include 16 animals 
but the suspicion could not be verified If some individuals ha\e a negatne 
phase others might still be in the positne phase and the two would thus tend 
to neutralive one another As the healing rate was t\])rcs«ed ,ix the T S on 
the 5th day, the graph does not show the actual origin of tlic hcahng-promotmg 

309 



PH SANDBLOM 


Annals of Surtfry 
March 1949 


wound effect — only that it is in action before five days and t\\ elve hours after 
the first part of the injury 


II THE DIFFERENCE BETWEEN THE HEALING CURVES OF THE PRnURI 

AND SECONDARY WOUNDS 

Eight groups were used in which the wounds were tested when they were 
I, 2, 3, 4, 5, 6, 7 , and lo days of age respectively Each group included ten 
rabbits except those for the second and third days, which were made larger 
(15 and 16 respectively), as it proved to be of interest to compare values from 
these two days The interval between the primary and secondary wounds 


Secondary wounds 



was made fifteen days because the healing-promoting effect seems to be at its 
height at this period and rather stable (Fig 2 ) The healing curves for 
the primary and secondary wounds obtained from the means of the absolute 
values are shovn in Figure 3 and the means of the relative differences m the 
T S of the primary and the secondary wounds are shown in the diagram Fig- 
ure 4, in vhich the standard errors have also been represented 

It V ill be seen that the secondary wounds were stronger than the primari 
wounds throughout the w'hole period examined As seen from Figure 4> ’ 
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difference is statistically significant on the 2, 5, 6, and 7 days This diagram 
also shows that the relative difference reaches a maximum on the second day 
and again on the sixth day The difference between the m-values from the 
second and third day is significant In this series also the injury varied, as the 
wounds were excised after from one to 10 days As the interval between the 
primary and the secondary wounds had been made as long as 15 days, this 
variation is perhaps not very disturbing, as the previous series showed the 


m 



healing-promoting effect to be rather stable in the period between 5 and 15 
days 


III THE RELATIONSHIP BETWEEN THE EXTENT OF THE TRAUMA 
AND THE DEGREE OF THE HEALING— PROMOTING EFFECT 

Three series were studied ^Mth 12, ii, and 10 rabbits in each respectively 
The wound age was 5 days, and the interval between primary and secondary 
wounds was 15 days 

In the first group only one pair of wounds was made, in the second which 
has been used in the foregoing series as well, tw'o pairs were made, and in the 
third group a long cutaneous incision was made in the abdomen when the 
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primary wounds were excised The mean differences wnth their standard 
error is shown in the fifth diagiam (Fig 5) It wnll be seen that the healing- 
promoting effect w'as greater when the injury^ was moie extensive Tlie 
difterenee is not significant but may be called highly probable 


m 

UO 


30 


20 


10 


10 


-20 


/ wound 2 wounds J wounds 


Fig 5 — The mean relative difference be- 
tween the secondary and the primary wounds 
IS represented on the vertical axis and the 
number of wounds inflicted, on the horizontal 
axis The interval between the infliction of 
the primary and the secondarj' wound was 15 
days and the T S was measured on the 5tli 
day throughout 


DISCUSSION 

Ad 1 The second diagram (Fig 
2) shows that the healing-promoting 
effect increases rapidly during the first 
w'eek after the injur} , reaches its full 
effect 3-4 weeks afterwards, and then 
gradually disappears towards the sixth 
week The healing-promoting effect 
thus follows the activity of the healing 
process m the primary wound but con- 
tinues into the period of cicatrization 
It closely follows the curve for the 
catabolic phase of protein metabolism 
after injury (Cuthbertson®) and thus 
may w'ell be related to this process 
Nothing IS known about specific 
growth promoting substances elabo- 
lated from the wound and the results 
speak neither for nor against this 
hypothesis 

Ad 2 The healing rate of the secondary wounds is moie lapid than that 
of the primary wounds from the first day till past the tenth day of healing 
3) The healing curve of a wound is the effect of at least two processes 
(Harvey^^) There is, to start with, a lag period during the first days when 
the wound edges are kept together only by the wmund coagulum Then conies 
the period of fibi oplasia when proliferating fibi oblasts grow across the W'ound 
and connect the edges The fact that the healing curve of the secondarj 
wounds exceeds that of the primary wounds through both of the periods sug- 
gests that both of the processes mentioned are influenced b\ the heahiis;- 
promotmg effect ^ 

When the secondary wmund is stronger than the primary one as earl) as on 
the first and second day of healing it must be due to a change in the quaht) 
of the wmund coagulum, as the fibroplasia hardly can have any influence at 
this early stage This finding is m agreement with the experience of Bauer, 
Selye^^ and Cuthbertson ® Bauer- studied the coagulation of blood 
nection wuth operations He found the strength of the 
elevated 24 hours after operation as compared to before Seh c 
group have had the same experience Cuthbertson® found that the 
fraction was often appreciably raised during the catabolic phase 0 p 
metabolism 
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The increase m the general healing curve beginning after the first day 
IS due to the beginning of fibroplasia (Harvey^^) When the secondary 
wounds are stronger than the primary during this period it is to be inferred 
that the healing-promoting eflfect stimulates fibroplasia This could be ex- 
plained either as an indirect effect through the change m the quality of the 
wound coagulum or as a direct effect on the fibroplasia The form of the 
curve in Figure 4 with two separated maxima for the heahng-promotmg 
effect suggests that the fibroplasia is influenced independently of the coagula- 
tion The experiences of Alrich and Lehman^ that anticoagulant drugs caused 
a decrease in the healing process as late as on the fourteenth day indicates, 
however, that even the later part of the healing curve may be influenced by 
differences m coagulation 

Ad 3 The probable relationship between the extent of injury and the 
degree of the heahng-promotmg effect as illustrated by Figure 5 is in agree- 
ment with the findings of Young, Fisher and Young-^ that the difference be- 
tween the healing rates of the primary and the secondary wounds increases 
as the surface area of the wound increases Bauer^ found that the increase in 
the strength of the coagulum that occurs in connection with operations was 
more marked after thyroidectomies than after minor operations such as 
tonsillectomies (70 40) 

SUMMARY 

If symmetrical incisions are made successively m the skin of rabbits, the 
secondary wounds will heal more rapidly than the primary 

Different phases of this heahng-promotmg effect have been studied The 
tensile strength (T S ) of the wounds has been used as a measure of their 
healing rate 

1 The heahng-promotmg effect appeared within five and a half days after 
injury It increased rapidly for a few days and reached its maximum betw^een 
the first and the fourth week after the injury During this time the secondary 
wounds %vere 30-40% stronger than the primary ones on the fifth day of 
healing The heahng-promotmg effect disappeared 6-7 weeks after injury 
This course resembles the curve of the post-traumatic catabolic phase of 
protein metabolism 

2 The healing curve of the secondary w^ounds exceeded that of the primary 
w'ounds through the ten first days of healing The relative difference between 
the T S of the primary and the secondary w'ounds had tw o maxima, one on 
the second day and one on the sixth day of healing Tins suggests that both 
coagulation and fibroplasia are influenced by the heahng-promotmg effect 

3 There was probably a relationship betw'een the extent of the injury and 
the degree of the healing-promoting effect 

The author washes to thank Doctors Hilda Blix and Anna Sirekova for 
their technical assistance 
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THE SURGICAL MANAGEMENT OF CHRONIC RECURRENT 
INTESTINAL OBSTRUCTION DUE TO ADHESIONS* 

Jere W Lord, Jr , M D , EdwardIL Howes, M D , 

AND 

Norman Joleiffe, M.D 
New' York, N Y 

One or ihe mosi DirncuLr pkoolcms the internist and surgeon aie called 
upon to manage is the patient who has been subjected to seveial laparotomies 
for the lysis of adhesions causing recurrent intestinal obstruction As a rule 
after each operation the situation grows progressively worse following a 
transient period of improvement Many of these patients become “intestinal 
cripples" and some become addicted to morphine m order to alleviate the 
chronic abdominal pain 

Boys^ in 1942 critically evaluated the many methods recommended for 
the prophylaxis of peritoneal adhesions He found all of the methods unsatis- 
factory with the exception of the intraperitoneal instillation of heparin He 
pointed out, however, that although the method was effective in animal experi- 
ments, clinical experience was limited to 14 patients, one of whom died post- 
operatively from a massive intraperitoneal hemorrhage We are familiar with 
the data on another patient in whom the outcome was fatal (22 hours postoper- 
atively) due to a massive intraperitoneal hemorrhage 

More recently Bloor and his associates^ carried out an extensive series of 
experiments on rabbits in an attempt to evaluate the effect of heparin in con- 
trolling the formation of adhesions and reformation of adhesions following 
lysis They concluded that heparin was not effective from either viewpoint 
and further that many of the rabbits succumbed as a result of intraperitoneal 
hemorrhage and also hemorrhages into vital organs 

In view of the rather hopeless attitude of the profession towards the 
solution of the problem of recurrent adhesions, it is remarkable that an almost 
unrecognized and little known method of management has been available since 
1937 vhen Thomas B Noble, Jr^ described his operation of plication of the 
small intestine He subsequently reported further continued success M'lth the 
method in 1939, 1942, 1943 and 1945 ^ Although no statistics are given as to 
the number of cases operated upon for intestinal obstruction due to adhesions 
Noble states that “no case plicated has had to be reoperated for obstruction 
or adhesions ” 

As a result of the experience obtained with the Noble operation of plication 
carried out on the three subjects to be reported in this paper we believe that 
this technic represents a significant ad\ance in surgical therapeusis The basic 
principle of this operation is that although reformation of adhesions cannot be 

* Submitted for publication, October, 1948 
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prevented following then l}bit,, the) can be coni) oiled When ihib is done biit- 
cessfully, normal motility is restored to the small intestine with consequent 
freedom trom pain, resumption of a proper food intake, and adequate absorp- 
tion of the necessary nutrients For the technical details of the procedure tlie 
reader is referred to the papers of Noble 

CASE REPORTS 

Case 1 — Extieme malnutrition and vitamin dehciency because of adhesions F S, a 
38-year-old white married woman consulted one of us (N J ) m December, 1945, com 
plaining of a sore tongue, dependent edema, weakness, vomiting, loss of weight (from a 
normal of 110 to 95 pounds) and abdominal pain 

The patient was well until 1921 when at the age of 14 years she was operated upon 
for acute appendicitis Within one month she was reoperated upon for intestinal obstruc- 
tion due to an intra-abdom nal hernia During the next year she was operated upon three 
times for lysis of adhesions, being carried out on each occasion for intestinal obstruction 


TaAlf I 

No 

Date 


Operation 

1 

June 

1921 

Appendectomy 

2 

July 

1921 

Exploratory laparotomy — release of an mtra abdominal liernn 

1 

August 

1921 

Ventral hernioplasty — Iy»is of adhesions 

1 

November 1921 

Laparotomy — lysis of adhesions 

5 

May 

1922 

Laparotomy — lysis of adhesions 

6 

January 

1925 

Laparotomy — lysis ot adhesions 

7 

March 

1932 

Laparotomy — lysis ot adhesions 

8 

April 

1932 

Laparotomy— lysis of adhesions and entero enterostomv 

9 

November 1934 

Laparotomy— lysis of adhesions 

10 

November 1939 

Laparotomy — ^lysis of adhesions and removal of a pelvic cjst 

11 

May 

1940 

Laparotomy —lysis of adhesions and cholecystectomy 

12 

I tine 

1942 

Laparotomy —lysis of adhesions and removal of right ovarnti 




cyst and right tube 


Two more operative procedures of a similar nature were necessan in 1921 and Harcli, 
1932 In April, 1932, in addition to lysis of adhesions an entero-enterostoni) was per- 
formed By 1942, 4 more operations were carried out for obstruction and adhesions, m a 
11 operations From 1932 the patient had experienced abdominal cramp-Iike pain tic 
major portion of each day By 1938 the patient had become addicted to morphine, neces 
sitating one half of a grain ( 03 Gm ) every 2 to 3 hours for control of her pain 

In spite of all these operations the patient’s general condition graduallj deterion e 
(Table I) In October, 1943, the patient was carefully studied in the Majo Chnic 
tromtestinal roentgen ray series showed marked delay in emptying of the sma ’ 

(Fig I, A and B) The blood calcium was 59 mg per cent, the serum proteins 
and the plasma ascorbic acid was o 5 mg per cent After one week of pf 

tional therapy the patient improved and during the next year maintaii ed a air s 
health although the abdominal pain was present daily In September I944. 
intestinal roentgen ray series taken at the Mayo Clinic again showed the 
emptying time but the blood calcium had risen to 9 8 mg , the scriiin pro ei 
7 3 Gm and the plasma ascorbic acid was i i mg per cent During the ne\ 
the patient had many hospital admissions for exacerbations of the intestitn 
but these had responded temporarily to gastric suction and parcntcra and 

At the time of admission here, the patient appeared chronicalh i “ ^ preiioii' 
debilitated The abdomen was distended, tympanitic, tender and pcrilniiciim 

laparotomies wnth a ventral hernia, 12 cm in diameter covered onh r s in . 
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A B 


Fig iA — A film taken 4 hours after ingestion of barium by mouth showing dilatation of 

loops of ileum with delay in emptying 
B — Six hour film showing marked delaj in emptying of small intestine 



Fig 2 Tig 3 

Fig 2 — Flat plate of the abdomen showing niaiked gaseous distention — one week 

preojicratn ch 

Fig 3 — Barium enema demonstrating that the gaseous distention is entireh limited to 

the small intestine 

V7 


LORD, HOWES AND JOLLIFFE Annais ot Surw, 

March 1549 

through which distended loops of intestine cast their outline The Iner, spleen and kidnevs 
were not palpable, ascites could not be demonstrated, no abnormal’ masses i\ere felt 
digital rectal and bimanual pelvic examinations were negatne Examination for signs of 
nutritional deficiencies showed the conjunctivae to be thin with only minimal thickening 
at the equators Blood vessels of the limbic plexus penetrated a short distance into the 
true cornea The angles of the mouth showed both scarring and active fissures Tlie 
tongue was thin, completely bald, and showed patches of scarlet-red color at the tip and 
along the lateral margins The gums were natma! The skin was slightl} drj, tanned, 
slightly xerotic and showed several ecchymotic areas from accidental trauma Petechiae 
could not be produced by the tourniquet test The extremities showed moderate pitting 
edema of the feet and ankles The blood pressure was 120 systolic, 60 diastolic The heart 
and lungs disclosed no abnormality The neurologic examination was normal except for 



riti — vjrasiro-iniesiinai senes carneu uui rnlnn 

taken 4 hours after the ingestion of barium by mouth showing most of the I 

B — Six hour film showing all of the barium out of the small intestine and in i 


dysesthesia of the plantar suiface of the feet, and calf muscle tenderness The re 
cell count was 3,240,000 per cubic mm , the hemoglobin was 10 0 Gm per too cc , 
color index was i o The white blood cell count was 9,000 per cubic mm wit a 
differential count The stained red cells showed no striking qualitative changes 
was negative Blood chemical determinations per 100 cc of blood showed tota pro 
5 7 Gm , albumin 36 Gm , globulin 2 16 Gm , ascorbic acid, 066 mg , 
micrograms, carotene, 133 micrograms, phosphates, 5 4 units, and calcium, 

A diagnosis was made of chronic intestinal obstruction with secon ar} 
of calories, protein, minerals and vitamins as manifested by underweight, paticnl 

edema, glossitis, vascularizing keratitis and angular stomatitis As neit 
nor her husband would consider surgery, medical management consisfe m 
patient into eating as much of a high caloric, high protein, low resi ue 1 
along with supplements of protein hydrolysates and therapeutic ® extract 

mouth Folic acid therapy orally and parenterally and refined and cr 
narenterally failed to produce a reticulocyte response, a rise m hemog 
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changes in the tongue color or tevture, or improvement in the angular stomatitis On two 
occasions (February, 1946, and June, 1946) the patient was hospitalized for exacerbations 
of the intestinal obstruction, which responded temporarily to gastric suction and parenteral 
fluids On these two occasions intravenous amino acids, blood plasma and whole citrated 
blood were given, which was followed by a disappearance of the abnormal red color of 
the tongue but without evidence of papillary regeneration Within two weeks of discharge 
from the hospital, however, the redness of the tongue returned 




A B 

Fig S— a F S, about^a months postoperative!}’, weight 

78 pounds 

B F S , 6 months postoperatively, weight 121 pounds 


On September 8, 1946, the patient was readmitted to Doctors Hospital because of an 
exacerbation of the chronic intestinal obstruction Examination uas essential!} the same 
as previously described, except that she now weighed but 72 pounds and the pitting edema 
of the legs and sacrum vv’as more extensive The chemical examinations were approxi- 
mate!} those of December, i945i except that the vitamin A had fallen to 12 micrograms 
and the carotene to 16 micrograms, showing failure to absorb the large amount"' of vitamin 
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A she had taken by mouth, and failure to either ingest or absorb carotene in her diet 
Hyperperistalsis was evident and dilated loops of small bowel could be palpated readil) 
beneath the skin at the site of the hernia The rectum was empty Figure 2 shows a flat 
plate of the abdomen and Figure 3 a barium enema which demonstrated that all of the 
dilated loops were of the small intestine 

Following several days of gastric suction, pai enteral fluids and blood transfusions 
the patient was able to take liquids by mouth At this time the patient and her husband 
consented to exploratory laparotomy in hopes of being able to use the Noble plication 
technic Sulfasuxidine was administered in 2 Gm doses every 4 hours for 6 da>s prior 
to the operative procedure which was carried out on September 19, 1946, bj one of ns 
(J W L Jr ) It consisted in the lysis of the entire small bowel which was compIeteK 
adherent to itself and to the parietal peritoneum One area of hopelessly gnarled bowel 
m the region of the previous entero-enterostomy was resected and it was then necessari 
to carry out two end-to-end anastomoses to join, first, the distal end of the jejunum to 
the proximal end of a 3-foot loop winch entered the gnarled mass and second, to join the 
distal end of this loop to the terminal ileum Continuity having been restored, the remain 
ing TH feet of small intestine were then plicated with interrupted sutures of cotton from 
the ligament of Treitz to the ileo-cecal valve, each limb (or wing) of the plication being 
6 to 7 inches long The entire procedure lasted hours and necessitated a transfusion of 
2500 cc of blood 

The postoperative course was complicated by jaundice for several days during tiie 
first week and the incision and drainage of several subcutaneous abscesses from preiioush 
self-administered morphine injections The patient progressively improved so that by the 
30th postoperative day she was without edema and weighed 71 pounds On discharge from 
the hospital 3 months postoperatively she weighed 100 pounds A small bowel roentgen 
ray senes was performed approximately 2j^ months after operation and showed a normal 
emptying time (Fig 4 A and B) 

At the end of one postoperative month demerol was substituted for rapidly diminishing 
doses of morphine and after another month sterile salme was substituted for the demerol 
Two weeks before discharge from the hospital the nature of the injections was explained 
to the patient and she adjusted well to the complete withdrawal 

During the 16 months which elapsed since discharge from the hospital the patient 
gained another 20 pounds, has remained free from all signs of intestinal obstruction, and 
all of the signs of nutritional deficiency cleared (Fig 5, A and B) Menses which had been 
absent or scanty for several years returned to normal by the second postoperative monti 
and have remained regular Normal sized loops of small bowel may be palpated casi ' 
beneath the skin at the site of the ventral hernia There has been no resumption o am 
narcotic or sedative 

Case 2 — Plication done in presence of acute intestinal obstruction A 13 ) cer oid 
colored girl was admitted to Presbyterian Hospital in April, I947 Appendcctomy^^rai^ 
been performed without drainage 15 months earlier for acute appendicitis ' 

later acute intestinal obstruction occurred, necessitating an operation for lysis 0 a 
Six weeks before this admission she was again operated upon for acute intestina ° 
tion and a loop of gangrenous ileum was resected , again adhesions were divi c 
began 48 hours before this admission associated with continuous vomiting 
of the abdomen revealed tenderness and distention A flat plate of ^ omen * 
distended small intestinal loops The Miller-Abbott tube gave poor re le an ^ 

was carried out because the leucocyte count rose to 22,000 and the tempera ur 

in spite of hydration „4hercnt Mmv 

At operation (done by E L H ) the entire ileum and jejunum wep a 
kinks were encountered associated with enlarged mesenteric lymph n cs 
evidence of gangrene but dilated vessels were prbsent proMmitcfi 

change Interrupted silk sutures w ere used to plicate entire small intes m 

320 



Volume 129 
^umI)er 3 


RECURRENT INTESTINAL OBSTRUCTION 


6 loops (wings) were made 12 inches in length near the ileocecal valve All sutures were 
placed at the mesenteric border so that the entire lumen of the intestine was free Post- 
operative convalescence was entirely uneventful A small bowel series on the nth postop- 
erative day showed normal motility and emptying of the small intestine The patient has 
remained well during the follow up period of 8 months There has been no dietar}’’ restric- 
tion and she has had one to two stools a day Some slight pam and nausea have been 
noted after menstrual periods 

Case 3 — Case with psychotic manifestation, morphine addiction A 30-year-oId 
trained nurse had an appendectomy for acute appendicitis 10 5"ears prior to admission to 
the Presbyterian Hospital m May, 1947 A few months following the appendectomy she 
was operated upon for intestinal obstruction, gangrenous bowel w'as resected and adhesions 
separated and divided Five years later a cholecystectomy was carried out and adhesions 
lysed In 1946 the patient w'as subjected to 3 operations at 14-day intervals for acute 
intestinal obstruction due to adhesions Follow’ing the last of these procedures the patient 
had daily abdominal crampy pain, became addicted to morphine and was classified by the 
psychiatrist as an “intestinal cripple w'lth conversion hysteria ” For 2 months prior to 
admission the patient experienced constant crampy pam, w-eight loss and scant}" menses 

On the 25th of May lysis of the entire small intestine was carried out followed b} 
plication from the ligament of Treitz to the ileocecal valve b> E L H There w"ere many 
angulations of the small intestine, the w'all of w'hich w'as edematous m spots and there 
were many enlarged mesenteric lymph nodes During the first 24 hours postoperatively, the 
patient experienced severe abdominal cramps w'hich stopped immediately on deflation of 
the 1 alloon of the Miller-Abbott tube A small bow’cl roentgen ray series 6 weeks post- 
operatively show'ed normal motility and emptjmg time Regulation of constipation proved 
difficult in this case During the 7 months follow' up the patient has had no abdominal pain, 
has gamed 15 pounds and morphine addiction has been relieved Rehabilitation w'as slow, 
difficult but satisfactory 


COJIMENT 

Although the period of follow up of 18, 8 and 7 months is brief in the 
tin ee cases reported above, the remarkable absence of any symptoms or signs 
of intestinal difficulty follow'ing the Noble plication proceduie in contrast to 
the continuous ill health for months and years pi 101 to plication is significant 
We believe, therefore, that the results obtained with this operation deserve 
w'lder recognition and that the technic will find increasing acceptance among 
surgeons w'ho are called upon to operate for intestinal obstiuction due to 
adhesions As Noble has stated, it places the surgeon m contiol of the forma- 
tion of adhesions instead of allowing them to form b} chance with the possi- 
bility of obstructions due to kinking and angulation Plication of the small 
intestine is not technically a difficult piocedure, and lequiies only a short tune 
to complete after all of the adherent loops have been freed and adhesions 
divided, but the sepaiation of the adhesions is a long painstaking piocedure 
Noimal function of the small intestine is piomptl} restored by the operation 
and the ingestion and absorption of proper nutrients follow , causing the patients 
to gam weight and lose manifestations of their deficiencies Two of the three 
patients became free of moiphine addiction one of eight vears and the other of 
one vcai and following the plication procedure both have been free from its 
use for i8 and seven months lespectivelv 
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CONCLUSIONS 

1 The plication operation of Noble changes unconti oiled adhesions into 
controlled adhesions thereby preventing further attacks of intestinal obstruc- 
tion due to this cause A proper nutritional balance is restored, deficiencies 
clear and pain disappears The psychotic and addiction states are relieved 

2 The histones of three cases aie reviewed in detail to illustrate the great 
value of the procedure of plication of the small intestine 
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WEDGE OSTEOTOMY FOR FRESH INTRACAPSULAR 
FRACTURES OF THE NECK OF THE FEMUR* 

Anthony F DePalma, M D 

Philadelphia, Pa 

FROM THE department OF ORTHOPAEDIC SURGERY JEFFERSON MEDICAL COLLEGE 

That the problems associated with intracapsular fractures of the neck 
of the femur are not, as yet, totally solved, is becoming more and more 
apparent as the end result studies from various clinics are being recoided in 
the literature Many men are under the erroneous belief that by restoration of 
anatomic alignment and internal fixation of the fragments they will obtain 
good end results in 90 per cent or better of their femoral neck fractures 
H B Boyd and I L George reported the following end results in a series of 
cases from the Campbell clinic — ^43 6 per cent good results, 28 i per cent poor 
results and 19 per cent fair results Of the 28 i per cent poor results, 135 per 
cent were due to nonunion An end result study of 102 cases of intracapsular 
fractures of the neck of the femur treated by the author revealed nonunion m 16 
cases or 15 6 per cent These cases were all treated by the orthodox method of 
reduction and internal fixation The interesting feature of all these cases of 
nonunion was varying degrees of absorption of the distal fragment Regardless 
of the status of the proximal fragment, whether it was viable or not, the 
feature of absorption in the distal fragment was alw ays present 

It IS generally believed that there are many factors responsible for nonunion 
such as inadequate reduction of the fragments, severe initial trauma, severed 
blood supply to the proximal fragment, death of the head and lack of impaction 
of the fiagments Nevertheless, it is true that many intracapsular fractures do 
unite in spite of poor anatomic alignment in the presence of a dead head and 
lack of impaction It is becoming more and more obvious that there is only one 
real reason for nonunion and that is inadequate immobilization If the frag- 
ments are adequately immobilized and protected for a sufficient length of time, 
union should occur m 100 per cent of the cases 

It IS general knowledge that the abduction type of femoral neck fracture 
invariably goes on to bony union Watson-Jones believes that if these fractures 
are adequately immobilized union \\ill occur in 100 per cent of the cases This 
IS not tiue of the adduction type of fractures which is the most common trans- 
cervical femoral fracture Roentgenologic stud}*^ of those cases in which the 
femoral neck was absorbed revealed certain features which are known to all 
orthopedic surgeons but whose true significance I am sure has been misinter- 
preted or undei estimated The radiographic appearance of a segment of bone 
whose blood supply has been totally or partiall}^ interrupted reveals no changes 
in the general architecture of the bone There is no decalcification, therefore, 
its density is not changed and in fact, its densit} may appear to be increased in 

* Submitted for publication, Ma\, 1948 
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contrast to the adjacent bone ^\lth a normal blood supply Tl)e early pliascs 
of absorption of a femoral neck fragment leveals generalized decalcification 
followed later by fragmentation and absoiption of the bone elements Hus is 
indicative that destruction of the fragment is not the result of a disturbed blood 
supply, but due to an over active hj-peremic piocess which causes decalcifica- 
tion, fragmentation and absorption of the hone fragment 



Fig I —Note the complete absorption of ^ 
femoral neck following internal ^ a 

Petersen nail There is 

complete or partial loss of blood supply to tbe neck 
which would be demonstrated by ^ dis- 

and increased density The bone trabecul^ 
appeared, there is evidence of demmerahzatio t t 
remaining bone of t^’^hase of the neck ^ 
upper end of the femoral shaft These nn ® which 
sistent with a very active and ab- 

bas caused demineralization, fragmentation, 
sorption of the femoral neck 


In the adduction type of fracture there is a tl^erc is 

ne at all times due to contraction of the „ee of inadequate 

.eight bearing this shearing force is site Hence con 

nmohihzation a traumatic reaction is set up a J neck 

itions are established which are responsible for abso p 
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There are several causative factois which are responsible for inadequate 
immobilization, the most common being failure to restore and maintain true 
anatomic alignment In many instances the fixation pm may be poorly placed, 
hence, it fails to prevent torsion and shearing strains at the fracture site Ab- 
sorption around the fixation pm and at the fracture site is a common feature 



Fig 2 — This figure poitiavs tlic usual type of adduction fracture and the relative 
position of the fragments upon opening the joint capsule 

Fig 3 — The wedge of bone has been removed from the femoral neck, note its size 
and shape, and the direction of the osteotom^ line through the femoial neck 

Fig 4 — The femoral head Ins been placed on the femoral neck in a position of valgus 
on a wide base The fragments are fixed m this position by a Smith-Petersen nail 

Fig 5 — Normal femur — note the position of superior margin of the articular surface 
of the head to the black line 

Fig 6 — Same feniui as in Figure 3 vith a wedge removed from the neck and the 
femoral head placed m a position of valgus Note that the superior articular surface of the 
head now lies abo\e the black line The length of the femur is actuallv lengthened bj 
increasing the angle of the femoral neck 


which IS followed by loss of adequate immobilization and allows the shearing 
forces to act fieely at the fracture site 

Since we ha\e failed to obtain and maintain continuous adequate immobil- 
ization of the fiagments m all cases until bony union has occurred (by restor- 
ation of anatomic alignment and internal fixation), it becomes oIjmous that 
a new and diffeient approach to the problem must be found This thought 
prompted the de\elopment of a new surgical procedure namelv a wedge osteot- 
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shaped projection 

_ (A) —Shows an adduction type of This “beak" must be re 

extending along the inferior aspect of the proximal frag e ^^ediate 

no evidence of aspectic necrosis 
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Fig 8 — (A) Shows an intracapsular fracture in which the fracture line is in a 
\ertical plane (B) Note position of fragments after a wedge osteotomj was performed 
(C) Note eMdence of bony healing six weeks postoperatn cly (D) Complete healing 
IS ciident eight months postoperatn el) , because the nail had pierced the head on insertion 
it was remoied 
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omy through the femoral neck done in fresh adduction fractures Essentially 
It consists in the conversion of an adduction fracture to an abduction fracture 
by removing a wedge of bone from the femoral neck All shearing forces at 
the fracture site, regardless of their origin, are now converted into impacting 
foices which enhance healing This preliminary report of 22 cases is being 
submitted with the hope that the piocedure will be adopted b) more surgeons 
interested in femoi al neck fractures At a later date the end result studies of 
a larger senes of cases will be presented 


TECHNIC OF OPERATION 

The hip joint is exposed through a Smith-Petersen incision Mhich is 
extended backwaid to the posterioi portion of the tensor fascia femoi is muscle 
The tensor fascia femons muscle is divided transversely about 33A inches to 
4 inches below the tip of the greater trochanter The fracture site is exposed 
by a vertical incision m the joint capsule If more exposure is needed, it ma\ 
be necessaiy to make transverse incisions in the capsule above and belo^Y the 
veitical incision By exteinal rotation of the extremity the fracture site is 
readily hi ought into view At this point a veiy common and important finding 
should be mentioned In eight of the cases operated upon to date the proMina! 
fragment, whether it was short 01 long, possessed an extension of the femoral 
neck along its mfenor aspect This projection was “beak" shaped and pie- 
vented reposition of the proximal fragment into a valgus position , therefore, it 
had to be lemoved m every instance It is obvious that this “beak” would offer 
great resistance to any closed maneuver which attempted to place the proximal 
fragment in a position of valgus This proved to be true at operation, it was 
impossible to attain the valgus position and still have good approximation of 
the fractured surfaces unless the “beak" was removed 

The next step is the removal of a wedge of bone from the distal fragment 
of the neck with its base superiorly and its apex infeiiorly The width of the 
base depends upon the obliquity of the fracture line The more the fracture line 
approaches the vertical the greater the wudth of the base The wedge slioii ( 
be of sufficient size so that an adequate support is created for the proxima 
fragment The “beak," if present, is then removed with an osteotoiie from t le 
proximal fragment 

The shaft is next internally lotated and the proximal fragment levere m 
its new" position of valgus The fragments are locked by internal rotation 

abduction of the femoral shaft Peler- 

Under direct vision the fragments are locked together with a ^ 

sen nail The capsule is closed with interrupted sutures and the incisto 

closed in the usual fashion 


POSTOPERATIVE jMAMAGEMENT 

These patients are allow^ed to sit at the edge of the bed „ 

second postoperative dd> On the third day thej are ° j , weight 

chair and on the fourth day they are made to stand on crutc i , P" 
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Fir. 9 — (‘\) Shows t^p^cal adduction Upe of fracture with a “beak” along the 
inferior aspect of the proximal fragment (B) Immediate postoperatn e film (C) Note 
Status of bom union four months postoperatn eb 
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Fig 10 -(A) Adduction type of fracture w^con^ Note 

the shaft (B) Note valgus position of head m unmeUiate p 

Satus of bony union four months postoperatively 
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bearing is allowed on the fractured extremity The patients are ambulatory, 
on crutches, by the end of ten days A check-up radiographic examination is 
made every six weeks and at the end of four and one-half to five months they 
are made to discard their crutches 

To date no evidence of avascular necrosis of the head has appeared in any 
of the cases , this, however, may occur at a later date 

ANALYSIS OF CASES 

Twenty-two cases with an adduction type of tianscervical fracture of the 
neck of the femur are presented The youngest patient w as 62 } ears old, the 
oldest patient w'as 83 years old In eight cases the proximal fragment had a 
“beak” like projection along its infeiior surface A wedge osteotoni} w'as done 
in each case as described above and the proximal fragment was placed in a 
position of valgus The fragments weie fixed b}' a Smith-Peteisen nail Union 
W'as obtained in all cases and definite bon}' union w'as evident in the check-up 
radiographic examination 12 to r6 weeks after operation No absorption of 
the femoral neck occurred in any of the cases There was no evidence of loss 
of position of the proximal fragment or of absorption around the fixation pins 
To date no evidence of an aseptic necrosis of the femoral heads has been noted 
although sufficient time has not yet elapsed to pass final judgment The first 
case in this series is 12 months old, the last case is 4!^ months old There were 
no deaths 


DISCUSSION 

In view' of the results to date, this is a justifiable procedure In the hands 
of men competent in hip surgery this is not a foimidable opeiation Many 
orthopedic surgeons today have gone back to the open method of internal 
fixation of femoral neck fractures, their moibidity and end results do not 
differ from the end results of tliose using the closed methods This procedure 
adds one more step to the open procedure, namelv the removal of a w'edge of 
bone from the distal fragment The only real difficulty in the procedure may 
lie the presence of the “beak” of bone on the proximal fragment , this difficulty 
IS overcome by removal of the piojecting spicule of bone 

The length of the limb is not sacrificed as a result of this procedure In 
fact, the length of the extremity is in most instances increased as much as one 
eighth to one fourth of an inch This is due to the extreme valgus position of 
the proximal fragment Fisjuies q and 6 illustrate this point 

What the fate of the femoial heads is going to be is still undecided 
Undoubtedly a certain number will develop aseptic necrosis because of an 
interrupted blood suppl} at the time of the initial trauma In this small series 
the features of aseptic necrosis as yet have not manifested themselves 


Recent Follow-up Sludy on Reported Case<t 

Since this aiticle was submitted for publication, another follow-up stud} 
has been made of the reported cases The oldest case is now' 20 months and the 
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most recent is one year following operation The survey revealed that all the 
reported cases united by bony union , however, we have had two instances of 
asceptic necrosis of the femoral head 

Sixteen other cases have been operated upon In this second group there 
vere found three cases of absorption of the femoral neck Tvo of these cases 
can be attributed to the fact that the patients insisted upon walking In the 
third case failure was due to faulty operative technic At the time of tlic 
operation, considerable difficulty was encounteied in aligning the femoral head 
111 a position of abduction More extensive surgeiy than is usually required vas 
necessary in order to get proper alignment One is forced to believe, there- 
fore, that this added trauma and the manipulation was directly responsible for 
the absorption of the femoral neck 

It might be interesting to note that in t\\ o other instances the three-flanged 
nail would not penetrate the femoral head In both cases it was necessary to 
1 emove the femoral head and do a pi unary arthroplasty of the hip After oper- 
ation the heads were placed upon a wooden block and an attempt vas made to 
drive the nail through In one instance, the end of the three-flanged nail splin- 
tered but did not penetrate the head In the othei instance, the head disinte- 
grated into several fragments but did not allow penetiation of the nail These 
two cases are recorded because they provide another explanation of uh} some 
blind naihngs fail It may be possible that in a small percentage of cases the 
increased density of the head prohibits any type of internal fixation A more 
detailed report will be made on the entire series at a later date 
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TISSUE-CULTURE EVALUATION OF THE VIABILITY OF 
BLOOD VESSELS STORED BY REFRIGERATION-' 


E Coisrs'^ERSE Peirce, II , M D , Robert E Gross, M D , 
Alexander H Rill, Jr , M D and Keith Merrill, Jr , M D 

Bostox, JIass vciiusi tts 

FROM THE SURGICAL SERMCE OF THE CHII DRFN S HOSPITAI AND THE 
DEPARTMENT OF SURGFR\ OF THF HARVARD MFDICAL SCHOOI 

For several decades experimental surgeons have been studying methods 
for the storage of vascular segments and have been working toward the goal 
of using such stored vessels as grafts whenever it is necessary to bridge a large 
gap m the arterial or venous system Vascular segments have been stored in 
vaseline, moist air, saline, Ringer’s solution, and other media, at temperatures 
slightly above freezing ''' ® V essels have also been stoi ed in a frozen 
state To evaluate the viability of a stored vessel, examinations have 

generall} been made by studying its histological detail or by implanting a 
portion of It as a graft and observing it during a survival period in a living 
animal The viability of stored tissues destined for grafts has been tested by 
tissue-culture methods on only a few occasions,®’ but such tests have not been 
applied to the study of blood vessels It is the purpose of the present com- 
munication to record our observations on tissue-culture studies which were 
made on arterial segments (animal and human) which w’ere stored by 
\ anous methods ** 


METHODS EI^IPLOYED FOR VESSEL STORAGE 

First Method — Storage in 10 Per Cent Homologous 
Serum and Balanced Salt Solution 

Portions of aorta or its laige branches w’ere obtained under aseptic con- 
ditions w’lthin five hours after death from inongi el dogs of various ages, young 
adult human beings, a young baboon, and a young pig Following ligation of 
branches w ith oooo silk the vessels w ere divided into segments 2 to 6 cm long 
w’hich w’ere suitable for grafting and into control segments o 3 to i cm long 
The vessel sections w’ere held temporarily m sterile “Ringer’s”t balanced 

* Submitted for publication, September, 1948 

** This study has been greatly facilitated by the generous assistance of Dr John F 
Enders, The Children’s Hospital, Boston, Mass , and Dr John H Hanks, Department of 
Bacteriology, Harvard Medical School, Boston, Mass , who suggested the methods of 
storage and of tissue culture and guided the project at many stages 

T The “Ringer’s” solution had the following composition per liter NaCl 7 Gm , 
Na Lactate 2 7 Gm , KCl o 4 Gm , CaCb 0 2 Gm 
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salt solution (hereafter called “BSS”) * and as soon as possible thereafter 
(generally within 30 minutes and always within 2 hours) were placed indi- 
vidually in sterile 25 01 50 cc Erhlenmeyer flasks containing 10 or 20 cc of 
the following nutrient medium BSS 85 per cent, homologous serum** 10 per 
cent, penicillin and streptomj'cin (1000 units each per cc ) 5 per cent Dunnes 
most of this study, flasks were stoppered with cotton and the volume of fluid 
was so chosen that it just covered the tissue (Fig i ) Segments for tissue- 

culture or histological control were 
generally included in the flasks, vith 
the graft segments but occasionally 111 
the earlier part of the work they vere 
placed in separate flasks Recently it 
has seemed better practice to close the 
flasks with a tightly-fitting skirt tjpe 
rubber stopper Most of the flasks 
were stored at 1° to 4° C in the hos- 
pital blood bank refrigerator , a 
smaller number were held in a com- 
mon domestic refrigerator, the tem- 
perature of which varied between 6 ° 
and 11° C In some instances the 
nutrient medium w'as renewed at 
intervals, generally every tw'O weeks 
During storage the flasks were care- 
fully observed for cloudiness, growth 
of fungi, or changes in pH In a few 
instances bacteriological studies were 
made These included culture of the 
centrifuged and washed sediment from 
the storage media and measurement of 


* BSS solution was supplied by Dr J H Hanks It resembles “Tyrodes solution 
and was prepared as follows 

Stock solution, contents per 250 cc NaCl 20 Gm , KCl i Gm , MgSO^ 7H2O 0 2 Gm , 
MgCl2 6H2O 02 Gm , CaCl2 035 Gm (dissolved separately), Na2HP04 ® *5 
(038 Gm of Na2HP04 I2H20), KHPO4 015 Gm , glucose 25 Gm , 04% pneuo 
red 12 s cc 

Buffer I 4% NaHCOs 

The stock solution was stored at room temperature with i cc chloroform The 
solution was made by diluting the stock i 10, autoclaving, and adding 0 5 cc (prc\ 
autoclaved) buffer per 20 cc This was stored in cotton-stoppered containers in 
box, which caused pH equilibration at about pH 7 6 

A somewhat similar solution prepared according to Simms’ formula is a\ailable 
mercially from Microbiological Associates, Flemington, New Jerse^ 

** Baboon and pig vessels w'ere stored in dog serum Fresh or frozen scru 
employed 



Fig I — Blood vessel stored in flask 
containing 10% homologous serum and 
balanced salt solution 
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the antibacterial titer of the storage fluid from time to time * ** 

Second Method — Storage in Helium under Pressure 

Segments of dog vessels were washed in BSS, placed in test tubes, and 
then stoppered tightly The air was replaced with medicmal-grade helium at 
76 cm Hg above atmospheric pressure and the tubes were stored at o° C 

Third Method — Storage in Salt Solutions 

Several experiments were carried out, placing sections of dog arteries in 
cotton-stoppered 50 cc flasks in normal saline, “Ringer’s” solution, or BSS 
In each instance penicillin and streptomycin solution was added (giving a final 
concentration of each drug of 50 units per cc ) These were stored at 6° 
to 11° C 


Fourth Method — Storage m 100 Per Cent Serum 

Dog vessel segments were placed m 10 cc of autologous serum in 25 cc 
cotton-stoppered flasks Their refrigeration temperature was 1° to 4° C No 
antibiotics were added 

Fifth Method — Storage m Serum Ultrafiltrate, With and Without 

10 Per Cent Homologous Serum 

Dog vessel segments i\ ere placed m 50 cc flasks containing 20 cc of fluid 
which was composed of serum ultrafiltrates*^ 33 per cent and BSS 67 per cent 
To each flask was added penicillin-streptomycin (final concentration 50 units 
per cc ) , and to about half, 2 cc homologous serum Approximately half of the 
tubes were closed with sterile cotton and the remainder with skirt type rubber 
stoppers Some of the flasks weie stored at 1° to 4° C and some at 
6° to 11° C 

Sixth Method — Storage of Vessels m Frozen State 

Segments of dog vessels of varying size were placed individually in sealed 
15 mm Pyrex test tubes or sealed one-half inch heavy copper tubes and frozen 
in a variety of ways to approximately — ^70° C They were all then stored at 
about — 76° C m a solid carbon dioxide deep-freeze I When specimens were 
to be used for grafting or for tissue-culture studies, they were thawed by 
immersing the tubes for 3 to 10 minutes in a 37° C water bath 


* The bactenologic examinations were kindly performed by George E Foley, Depart- 
ment of Pathology of The Children’s Hospital 

** Serum ultrafiltrate is obtainable commercially from Microbiological Associates, 
Flemington, New Jersey 

t Most of these experiments were carried out in conjunction with Dr C A Hufnagel, 
Department of Surgery, Peter Bent Brigham Hospital, Boston, who shared the vessels 
stored for grafting 
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The methods of fiecmii^ weie as follows 

A Glass tubes containing air at atmosplieric pressuie were immersed 
in a mixtuie of alcohol and solid carbon dioxide'* 

B Sealed glass tubes weie filled ivith helium at 20 to 152 cm Hg abo\c 
atmospheric pressure and frozen by immersion in an alcohol-carlion dioxide 
mixture 

C Glass tubes wuth helium at 76 cm Hg above atmospheric pressure 
were slowly brought to — 70° C m about 30 minutes rather than rapidh 
as in A and B 

D Copper tubes flushed with sterile mmeial oil and filled with heliutn 
at about 152 cm Hg above atmospheric pressure were imineised in an 


Fig 2 




Fu 3 

Fig 2 — Right angle pipette for transternng tissue to culture tube Made by drawiut 
out 8 mm soft, glass tubing 

Fig 3 — Left — 'Wood block used for holding reagents and *1™ {[,(> 

Right — Test tube holder employed for seating up cultures and for slanti g 
incubator (after Hanks) 


ether-carbon dioxide mixture for very rapid freezing To 
copper pel se was toxic to the tissue, several tubes were no r 
w'ere stored at 6° to 11° C instead 

METHODS EMPLOYED EOK TISSUE-CHETHBE STUDIES 

When a portion of vessel was to be cultured, it was placed 
Petri dish, w'ashed wuth BSS, and cut into i to 2 mm squares the u ' 

of the \essel wall with two No ii Bard-Parker knnes whic 1 wc 
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ized by storage in 95 pei cent ethyl alcohol and ignition of the alcohol The 
BSS ^^as then pipetted oft and the following transfei medium substituted 
Homologous seium'’ 2 cc , BSS 2 5 cc , beef embiyo juice o 5 cc , penicillin 
and stieptomycm solution ( 1000 units each pei cc ) o 5 cc Steiile acid-cleaned 
125 X 15 mm test tubes weie piepaied b}’- iinsing then entiie lowei half wnth 
one drop of chicken plasma f Four pieces of a given tissue weie then tians- 
feiied to each of two tubes with a small right angle pipette (Fig 2 ) Aftei 
aligning these fiagments m the lowei one-half of the tube, 4 to 6 diops of the 
transfei medium weie added and the tubes ro- 
tated and tilted to mix the medium and the chicken 


plasma thoioughly (Fig 4) The tubes weie then 
placed flat, w ith the tissue dow n When hi m clot- 
ting had occuried (usually attei 5 to 10 minutes) 
10 to 15 additional diops of medium were added 
w’lth care to w'et the entiie surface of the clot 
The tubes w'ere then closed tight!} with lubbei 
stoppers, slightl} slanted (Fig 3), and place m a 
37° C incubatoi Readings w^ere taken at intei- 
\als for one, and occasionally two weeks, by 
examining the edges of the tissue explants foi 
cell growth undei low^ powei and by observing 
changes in pH Any mciease m acidity due to 
tissue metabolism was shown by change of coloi 
from pink (pH 7 4-7 6) to orange (pH 7 2-6 8) 
to } ellow (below^ pH 6 8) The fluid m the tubes 
was not renewed but one diop of bicaibonate 
buftei was added if the fluid became yellow 
When grow'th occuried, a rough index of its ex- 
tent was obtained by recoidmg the piopoition of 
explant circumfeience supporting cells Giowth 
consisted of fibioblastic prolifeiation Since endo- 
thelium IS difficult or impossible to difterentiate 


L 

. r 
/ 



Fig 4 — Tissue cultures 
showing tissue fiagments in 
pi open position and coriect 
supeinatant - 


from this-^ and may actually transform into fibroblasts"" no special elloit w'as 


made to distinguish it 


* Dog serum was used for the baboon and the pig vessels The serum was centrifuged 
twice and stored in 2 cc amounts at — 20° to — 25° C 

Supplied by Dr J H Flanks Three to 5-inch beef embryos and an equivalent 
volume of BSS solution were mixed in a Waring blender for i 5 minutes The suspension 
was centrifuged for 30 minutes at high speed and the supernatant fluid collected and 
respun The resultant fluid was tested foi sterility and stored in small amounts at — 20° 
to — 25° C Before use, the unfrozen material was re-centrifuged 

t Supplied by Dr J H Flanks Chicken blood was taken in a 10 cc syringe con- 
taining 02 cc of 10% sodium citrate, centrifuged twice, and stored in i to 2 cc amounts 
in cotton-stoppered tubes at — 20° to — 25° C 
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Some tissue cultures were photographed fresh, -while others were fixed in 
Zenker’s solution, cut at 3 to 5 mu , and stained with hematoxylin and eosine 


OBSERVATIONS ON VESSELS STORED BY THE VARIOUS METHODS 

I Tissue Preserved in 10 Per Cent Serum in BSS 


Vessels stored within six hours following death (of animal or human) 
showed no consistent diminution in vitality due to this delay Most of the 
tissue taken near six hours, hovevei, grew less luxuriously than tissue taken 
within two to three hours Variations m body size (of animal or human), 
the temperature of the room or icebox in which a body had been kept before 
the blood vessels were removed obviously presented factors which had a direct 
bearing on the viability of the remolded tissues The probability that ^essel 
viability falls off rather sharply after death is supported by one human example , 
in this instance the vessels were obtained between 6^4 and 7)^ hours after 
death and showed no growth on tissue culture Except for this, data are not 
available beyond the six-hour period 

Bacterial contamination is manifested by the appearance of cloudiness 
in the storage medium or by an abrupt change in its pH It is also made 
evident by similai changes plus the growth of colonies in the tissue-culture 
tubes Bacterial growth was not observed in stored dog tissue and although 
routine cultures were not taken, the culture of spun sediment from several 
suspicious flasks on various occasions yielded no growth Human tissue stored 
before six hours was without demonstrable bacterial contamination When 
slight cloudiness appeared after several weeks of storage, the spun sediment 
generally consisted of amorphous debris In the one case where human -vessels 
were obtained after six hours, cloudiness and demonstiable bacterial contam- 
ination became evident in each of eight flasks starting at 15 days The con- 
taminant (probably present when the tissue was first preserved) vas 
\Ps aeiugmosa Once it had made its appearance, it could not be suppressed 


with eight times the original antibiotic concentration 

In contradistinction to bacterial contamination, giowth of fungi occurre 
sufficiently frequently (under 5 per cent) in stored dog tissue to constitute a 
nuisance, but was not observed in stored human tissue Such contamination 
was generally not evident until three or four weeks of storage Its appearance 
was unrelated to the type of stopper used It was easily recognize } 
inspection of the flasks, all of which were immediately discarded 

The results of antibiotic titer tests were surprising and gratif) ing ( ^ ^ 
I) Although the very high effective antibacterial activity cannot rea ^ 
explained, it probably results from the combined action of the specific aoCn s, 
the serum, and possibl)’’ even the stored tissue This high antibacteria ^ 
together with the low storage temperature, probably explains the -veO 
incidence of bacterial contamination which was encountered ^ sliowed 
Dog aorta maintained in cotton-stoppered flasks at 1° to 4 ^ 

growth comparable to that of the fresh controls for approximate > -O ^ 
After this time both the per cent of tissue pieces exnibiting grow i 
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extent of growth apparently fell slowly, but substantial growth was demon- 
strated after storage periods of 50 days (Figs 5 and 7) Tissue cultured 
during the fiist three weeks of storage frequently showed earlier and more 
luxuriant growth than the contiols, suggesting a diminution of the usual adult 
growth inhibition 2s. 20 Tissues stored foi moie than three weeks generally 
exhibited a lag in the appeal ance of growth For all storage intervals, the 
extent of growth paralleled the percentage of viable tissues 

Dog aoita stored at 6° to 11° C m cotton-stoppered flasks grew more 
luxuriantly than that stoied at 1° to 4° C for two weeks but did no better at 
four \\eeks 


Tablf I — -iiiUbacte) lal Titct of 10% Serum oiirf BSS 

Compoucut<! 

SiOiagc Medium and lis 


Length 

Oxford 

Umts/cc 

Equivalent 

Penicillin 

Meg /cc 
Equivalent 
Streptomycin 

Material Studied 

of Use 

Titer* 

Titer** 

Dog serum 

Fresh-frozen 

0 

640 

Human serum 

Fresh-frozen 

0 

640 

BSS 

Fresh 

0 

0 

BSS plus dog serum 

Fresh 

0 

640 

BSS dog serum, penicillin and streptomycin 

Fresh 

1280 

2000 

(standard storage medium) 

Fresh 

512 

6400 

BSS dog serum penicillin and streptomycin 

blood vessel 

14 days 

640 

1000 

BSS humanserum pen cillin and streptomy- 
cin blood vessel 

23 days 

640 

2000 


25 da>s 

512 

6400 


26 dajs 

512 

5120 


* Assa> organism B subltlts strain S D 
** Assay organism B circulans’* 

The antibiotic assays were done according to the standard methods of the Food and 
Drug Administration 


A smaller series of cultures of human vessels stored at 1° to 4° C showed 
roughly comparable results (Table II, Fig 6) 

Pig and baboon aortas stored m 10 per cent dog serum and BSS maintained 
viability for about two v eeks 

Renewing the nutrient medium in the storage flasks at two week intervals 
produced no definite growth improvement, and since it was shown that the 
original antibiotic titer was well maintained, the piactice was discontinued 
In all of the cotton-stoppered senes the storage of small (less than i cm ) 
portions of tissue alone adversely affected their chance of survival Largei 
pieces of tissue produced an appreciable drop in pH of the storage medium 
within a few days to a week , the flasks containing only small tissue fragments 
at best maintained a constant pH but generally became more alkaline with 
time Small fragments which had been stored alone regularly failed to show 
growth after short intervals In order to give an overall picture, results 
obtained when small pieces of tissue were stored alone have not been excluded 
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Fir 6 

5 —Photomicrograph unstained x55, of dog aorta tissue- 
u ture ^he aorta had 1 een stored for 50 days m 10% homologous 
serum and BSS at 1° to C and had then been cultured for 7 
days I here IS actne grouth of fibroblasts 
, Photomicrograph, unstained %5S, of human aorta tissue- 

culture Xne ^rta had been stored 28 days in 10% homologous 
serum and BSS at 1° to 4° C and had then been cultured for 7 
da}s There is active growth of fibroblasts 
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Table II 


Results of tissue-cultures of human aorta stored in 10% 

, serum 


and BSS at 1° to 4° C 




Three fresh controls show ed 80% grow th 



Hach percentage represents studies on 

8 pieces of tissue 




Percentage of Pieces Growing 



Cotton- 

Rubber- 



Stoppered 

Stoppered 


Duration of Storage 

Flask 

Flask 


1 dai 

75 



2 days 

37 5 



3 days 

62 5 

100 


7 days 

87 5, 0, 0 



14 days 

87 5, 12 5, 0, 0 

100 


16 days 

37 5 

100 


21 days 

75, 0 0 



26 davs 


87 5 


27 days 

62 5 0 

87 5 


36 days 

25 



37 days 


75 


42 days 

0 



49 days 

0 



Tissue-culture Studies on Dog Blood Vessels 

Vessels Stored in 10% Homologous Serum ond BSS of I* to 4* C-, 
(In cotton • stoppered ftosks ) 

Each vertical line represents a single experiment of 8 pieces of 
tissue read after 7 days tissue culture at 37’ C 

12 Fresh control experiments averaged 94 8% growth 
0' No growth 
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from Fig 7 and Table II A breakdown of some of the human data, honeier 
shows how important this factor of small size is in influencing viability (Table 
III) For this reason, whenever it has been necessary to store small tissue 
pieces in cotton-stoppered flasks, the viability of the small piece can be 
enhanced by including a large piece of tissue in the flask 


Table III — Effect of Tissue Sice on 

Survival 

Blood Vessels, Human, Stored in 10% 

Serum and BSS at 1° to 4° 

C as Large and Small Pieces and Then 


Ciiltiiied at 37° C 

for 7 days 



Stored as 

Stored 

TS 


Large pieces (3-4 cm ) 

Small pieces (less than 1cm) 

Length of 

Number Pieces 

Percentage Number Pieces 

Percentage 

Vessel Storage 

Cultured 

Growth 

Cultured 

Growth 

1 day 



8 

75 

3 days 



8 

62 5 

7 days 



24 

16 

14 days 

8 

87 5 

16 

6 3 

21 days 

8 

75 

16 

0 

28 days 

8 

62 5 

8 

0 


Table IV — A Comparison of the Effects of Storage Temperatures and the Method of 
Sealing of Stoiage Flasks on Grozvth of Dog Aiteries Preserved in 10% Scrum 
and BSS The Famous Gioups of Tissue-Cultures Were Carried Out 

Concufrently 


Duration of Storage 


Storage 

Temperature 


Percentage of Pieces Grow mg 


Cotton stoppered Rubber stoppered 


14 days (M) 
17 days (L) 
17 days (M) 
17 days (S) 
28 days (M) 
33 days (L) 
33 days (S) 
44 days (M) 
57 days (M) 


100 

100 

100 

100 

100 

100 

100 

100 

62 5 

100 

37 5 

100 

12 5 

100 

0 

50 


0 


17 da>s (M) 
33 days (M) 


6'’-ll'’ C 


100 

Contaminated 


100 

100 


Four fresh controls showed 100% growth 
Each percentage represents studies on 8 pieces of tissue 
L — approximately 6 cm vessel segment 
M — 2 to 3 cm vessel segment 
S — 1cm or smaller \ essel segment 

In contrast to the results observed on tissues stored in cotton-stop^red 
flasks, blood vessels stored in rubber-stoppered flasks either at i to 4 0^ 

at 6° to 11° C showed more reliable growth (Tables II and IV) V'hen store 
in rubber-covered flasks, the size of the tissue had very little effect ‘ ^ 

and in one instance i cm sections of dog carotid artery grew as w 
days’ storage as at 17 days A cotton-stoppered control grew mc a I/ ^ 
but very poorly at 33 days The data on vessels stored at 0 0 

limited but indicates that this storage temperature is satisfactor) 
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Vessels in sealed flasks produced an appreciable drop in pH much more 
quickly than did similai vessels m cotton-stoppei ed flasks Generally, the 
original pink color (pH 76) gave nay to an orange (pH 72-68) within 12 
to 24 hours When this diop failed to occur, tissue-culture produced no 
growth This early pH drop is therefore suggested as an important gross 
indication of viability Once the pH had fallen to 6 8-7 2, it changed very 
slowly thereafter 

Blood vessels stoied m 10 per cent seium and BSS were slightly yellowish 
in color, but showed no important edema They letained their normal con- 



Fig 8 — Section of stored dog aorta, showing excellent preservation of 
architectural detail Hematoxylin and eosine Vessel had been stored in 
10% homologous serum and BSS at 1° to 4° C for 56 days 


sistency and were indistinguishable from fresh vessels in suturing properties 
Histological sections of tissue stored as long as 56 days showed preservation 
of architecture and cell detail (Fig 8) Aortic grafts of stored tissue were 
generally successful, dehiscence and thrombosis rarely occurred (Fig 9) 

II Tissue Preserved in Helium under Pressure at 0° C 

Tissue preserved by this method showed rapidly diminishing viability with 
no growth after one veek and the segments weie strongly acid m reaction 
indicating an excess accumulation of metabolites 

III Vessels Preserved in Salt Solutions 

Dog aortas held in BSS, normal saline, or “Ringer’s” solution at 6° to 
11° C for periods up to four days grew almost as well as fresh controls 
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After this time, theie was a constant loss of viability and b} 14 da) s’ storaf^e 
only a small proportion of the explained tissue pieces greu For this partic- 

ulai set of expel iinents, the normal 
saline u as the most favorable and the 
“Ringer’s” solution the least faiorable 
stoiage medium 






Fig 9 — Graft of abdominal aorta (dog 
to dog) The grafted section had been 
stored in 10% homologous serum and bal- 
anced salt solution ior 6 days and then had 
been implanted into a recipient animal 
which was kept for 6 months before 
sacrifice 


IV Vessels Preserved m 100 
Per Cent Serum 

Tissue stoied 111 uliole autologous 
serum at 1 ° to 4° C exhibited no 
giouth or tendency to 1 educe the pH 
of the medium aftei thiee dais’ stor- 
age Material stoied for shorter pe- 
riods M as not studied 


Table V — Results of Tissue Culfuies on Dog Aoifa Sfotcd m Seitini Ultrafiltrate and 
Seiuin Ultiafiltiatc zt'ifh 10% Scrum and BSS Mcdium-siccd Pieces 

of Tissue JFcic Stoied 


Percentage of Pieces Growing 



Storage 

Storage 

Cotton 

Rubber 

Storage Medium 

Temperature 

Time 

stoppered 

stoppered 

Serum ultra filtrate 

1“- 4° C 

14 days 

75 




17 

g7 5 

100 



29 

62 5 




44 

25 




57 

0 



0 

1 

O 

17 

100 

100 



35 


100 

Serum ultra filtrate with 

0 

1 

0 

n 

14 days 

62 3 


10% serum and BSS 


17 

100 

100 



29 

50 




33 

25 

87 3 



44 

37 5 




57 

12 5 



6'’-ir c 

17 

100 

100 



33 


23 


Each percentage represents studies on 8 pieces of tissue 


V Vessels Preserved in Serum Ultrafiltrate 

In general, dog vessels presented in serum ultrafiltrate or serum 
filtrate plus lo per cent serum shoived giouth roughly compaiahle to 
obtained vhen lO per cent seium in BSS vas employed The 
experiments vas small and theie vere a number of Aanations but | 

Sion i\as obtained that storage in lO per cent serum m BSS uas a ht c )c 
The addition of lo per cent seiuni in BSS to the serum ultmf ^'^evtr 
appeal appreciabl} to inipiove groi\tli As with the earlier 
sealing the flasks with rubber stoppers led to a distinct mipr 
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Mability of the stoied tissue The eflect of the highei teinpei ature, 6° to 1 1 ° C 
was again to produce more luxuiiant giowth at about tw^o weeks but little 
difference at foui oi fi^e w'eeks pH changes w'eie compaiable to those 
encountered wuth lo pei cent serum in BSS but the solutions tended to remain 
moie alkaline The results aie compared m Table V 

VI Vessels Preserved by Freezing 

Mateiial stoied at — 76° C showed positive giowTh on tissue-culture m 
onl} two of 34 expel iments* In one instance the tissue w^as fiozen rapidly 
(Method B) and in anothei it was frozen slowl}'^ (Method C) The giowTh 
was pool in both instances Of 12 dogs who leceived frozen aoitic giafts, all 
but two died because of thiombosis 01 breakdowm of the graft The tissue 
appeared to be more fiiable and moie difficult to sutuie than fresh tissue 
These lesults are unlil e those lepoited by Blakemore-’ and by HufnageP" 

DISCUSSION 

Although a graft of dead bone, caitilage, 01 blood vessel, may provide a 
suitable framew'ork and produce a functional result^-’ the evidence 

at hand indicates that in the case of artei les, at least, moi e reliable results are 
obtained when Ining tissue is emplo3ed Consequently, effoits have been 
directed primarily to finding a method of preseiving vessels in a viable state 
Several modes of stoiage including freezing, have been abandoned b}’’ us at 
least temporal il}, since when employed, viability could be demonstrated onl} 
sporadically and, in experimental animals results from grafts w ere poor The 
method of storage recommended in this paper is not entirely new^ but is based 
on the pievious work of many otheis 

Bert^ refrigerated rats’ tails in confined air at about -|-I2'’ C for several 
days and then successfully transplanted them CarreP’® stoied blood vessels, 
skin fascia, and other tissues in vaseline, moist air, normal saline, and 
“Ringei s” solution at temperatuies slightly above freezing He evaluated 
his method of preservation aftei one to six days by cultivation of stoied embry- 
onic tissue and after intervals as long as seven weeks by giafting stored adult 
tissue in animals The maximum duration of cell viabilit) w^as not detei mined 
Lambert^" Lewis and McCoy Hetherington and Ciaig,^^ Waterman,^-’ 
V’alter et al Hanks and Wallace,^ ‘ Garry and Carpenter,^ studied the 
survival of lefngerated embiyonic and othei tissues b} tissue cultivation 01 
oxygen consumption, but w^ere either unable to demonstrate viability, after 
more than short intervals or w^ere concerned wnth comparatively brief periods 
of storage Their work indicates that refrigerated tissue retains its viability 
for varying periods of time, depending primaiily on the t3'pe of tissue,^-’ and 
secondarily on the size of tissue pieces," available oxygen,^®’ storage 
temperature,^"’ and other factors Irreversible changes took place quickh 

Tissue refrigerated but not frozen in the coppei tubes grew w'ell on tissue-culture, 
indicating that the presence of the metal itself did not account foi the failure of the 
frozen tissues to grow 
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in brain, kidney , liver, and other solid organs, while bone, cartilage, skin, 
fascia, and blood vessels, survived for comparatively long inten^als The degree 
of preservation was more or less dependent on the size of the fragments, ven 
small pieces of tissue surviving for only brief periods Oxygen demand vas 
greatly diminished as the temperature fell Tissue fragments at 37° C required 
very high oxygen tensions to prevent necrosis,^'* while at 0° C tissues vere 
able to survive for a time even when oxygen was excluded 

Tissues for clinical grafting have been stored refrigerated for short inter- 
vals La Roe^® kept skin in “Tyrode’s” solution for periods of one week, while 
Castroviejo^ stored corneas foi two to five days in “Ringer’s” or normal saline 
Both reported satisfactory clinical results More recently, Matthews'^ pre- 
served human skin wrapped m saline sponges, in air-tight containers at -f3° 
to 6°,C He reported viability after eight days as measured by tissue cultiva- 
tion, and stated that autogenous grafts at three months were successful 

It IS thus clear that certain tissues can be preserved vitally by simple refrig- 
eration However, evidence concerning the limitations of storage methods is 
slowly accumulating Skin^^ and blood vessels (present report) can be pre- 
served alive for about a week in the absence of a buffered environment by 


storing at 0° C with the exclusion of oxygen As shown both by these m orkers 
and ourselves, however, there is an unfavorable accumulation of acid metab- 
olites and a rapidly falling viability Tissue stored in such media as balanced 
salt solution. Ringer’s solution, or normal saline, at temperatuies just above 
0° C , will also remain alive for short periods, as demonstrated by our data, 
but the lack of suitable nutrient material is evidently unfavorable for lengthy 
preservation of viability In addition, blood vessels so kept may become edema- 
tous and prove unsuitable for vascular grafts after as little as 24 hours 
storage Preservation m serum or whole blood is also satisfactorj^ for short 
periods of time,^^ but the large protein and fat molecules seem seriously to 
interfere with metabolism The preservation of tissue in 100 per cent serum 
was unsuccessful in one series of experiments performed by us 

Thus, it appears that an ideal storage medium should contain a physiolog- 
ical concentration of salts, buffer, glucose, and the small accessory molecu es 
which are present in serum The large protein and fat molecules should pro 
ably be m reduced concentration The storage medium developed by Han s 
and Wallace^^ fulfills these criteria It was found by them to be entirely suita ) c 
for storage of rabbit skin for periods up to two weeks at 8° C Their proce ure 
was modified in our hands by employing somewhat lower temperatures aric 

the more liberal use of storage medium 

The use of serum ultrafiltrate as a storage medium is suggeste )> 
above reasoning, since all of the large molecules have been remoi e 
while the small molecules remain The data accumulated to date m 
this solution either alone or with 10 per cent serum is satisfactori m 


superior to 10 per cent serum in BSS 
In the early part of the work cotton 
flasks because we thought it v as important 


stoppers were 
to facilitate the 


used in the storage 
metabolic c\clian"( 
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of the blood vessels which was evident even at low temperatures This proved 
fairly satisfactory except in the case of small vessel segments which retained 
viability for only relatively short periods of time '®' Experiments conducted 
with tightly-stoppeied flasks showed that the metabolic activity was not suffi- 
cient to require a free exchange of carbon dioxide and oxygen In addition, it 
was found that small vessels preserved in this latter manner lemamed viable 
as long as did large ones Consequently, tightly-fitting stoppers are now 
used routinel}^ 

The present study indicates that blood vessels may leadily be preserved 
alive and with normal physical properties for periods of at least seven weeks 
They have been safel} employed in dogs and humans during that time for 
homoplastic grafts Pioper exploitation of this method should impiove the 
surgical treatment of coarctation of the aorta, Tetralogy of Fallot, arterial 
aneurysm, injuries to major vessels, etc 

The general method of storage with suitable modifications might be 
applicable to fascia, skin, bone, neives, cartilage, and corneal tissue 

SUMMARY 1 

The vital storage of vascular segments in lo per cent serum and a balanced 
salt solution at temperatures slightly above freezing is described The temper- 
ature of storage is not critical The method is simple enough to be readily 
useful Viability of the tissue is readily shown by growth in tissue-cultures 
after storage for as long as seven weeks The preserved segments closely 
resemble fresh vessels in physical qualities, and a large series of successful 
grafts in dogs has been completed Vessels have also been collected from 
humans, stored, and have been employed successfully for alleviation of the 
Tetralogy of Fallot and in treatment of coarctation of the aorta This method 
of blood-vessel preservation appears superior to any other yet tried by us 
including freezing The theoretical basis for the storage method is discussed 
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THE MEDICAL AND SURGICAL TREATMENT 
OF HYPERTENSION-'t 

F L Reichert, V Richards, E Holman, A L Bloomfield, 

T Addis, D A Rytand, and J K Lewis 

Sax Frvn cisco, Califorxiv 

FROM THF DCPARTMENTS OF SURGLR\ \ND MFDICINC STANFORD ONI\ FRSITT SCHOOL OF MCDICINC 

SAN FRANCISCO CA^LIFORMA 

This presentation deals with the piesent day management of arterial 
iHpertension as practiced b} the medical and surgical staff of the Stanford 
Unuersity School of Medicine 

In ceitain patients the etiolog} of h3'pei tension is known, such as in the 
condition ot coarctation of the aorta, oi of cortical oi medullary tumors of 
the adienal gland, oi leiial disease including unilateral lenal lesions and 
glomerulonephiitis, but m the majoiity of patients the etiology of essential 
h} pertension is not definitely know n Hembeckei ’s^ humoral hypothesis, that 
hypofunction of the neurohypophysis sensitizes the blood vessels to a variet} 
of pressor substances such as i enin, epinephrine, and pi ogesterone, may prove 
to be important Goldblatff has recently summarized the evidence which 
has led him to believe that essential hypertension is of renal oiigm In 
general two views aie currentl} held some authors feel that the arteriolai 
vasoconstriction with lesultant hypertension can be the result of increased 
sympathetic impulses, while otheis believe it may be caused by a circulating 
humoial substance 

In its early stages essential hypertension has no oi game changes , one finds 
only an elevated blood piessuie which varies from time to time and may 
exist for 3 ears or even for decades with no serious symptoms and, m some 
individuals, w ith but little shortening of life ^ In the advanced stages of this 
condition periphei ally constricted arterioles develop that are at first functionally 
spastic and then later become oiganicall3^ damaged, manifesting such con- 
striction 113 cerebral, retinal, cardiac, 01 renal complications When these 
symptoms appear moie or less simultaneously the syndiome is known chn- 
icall3 as malignant hypertension (usually “essential,” but sometimes with a 
recognizable cause) Then life expectancy is brief, the majoiity of patients 
d3ung within twm years, with an average length of life after diagnosis of 
about eight months ^ 

In patients wuth essential hypei tension, as in those wuth peptic ulcei and 
probably in those suffering fiom angina pectoris, certain emotional and phys- 
ical reactions are more intense and frequent than m healthy people of the 
same age The predisposing personality of the hypertensive patient may be 
present in early life and is not the result of unusually high blood pressure nor 

^ Submitted for publication, October, 1948 

7 Read at the 4th Congress of the Pan-Pacific Surgical Association, Honolulu, T H , 
September 2, 1948 
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the result of secondary vasculai disease = This hyperactive reaction to eini- 
ronmental stimuli may be of physical or endocrine origin, and once recognned 
can be treated by the internist with very mild sedation and by explanation 
to the patient of his particular reactions so that he will follow suggestions 
with confidence Generally the headache, dizziness and marked tenseness and 
nervousness can be and should be tieated by removal of “environmental 
difficulties 01 adjustments to them,”® supplemented by suggestion and b\ 
sedation 

Even a brief survey of the published results after sympathectonn tor 
hypertension reveals a lack of agieement legarding the selection of cases At 
one extreme are those who would operate upon symptom-free youths with 
diastolic levels of 90-T00 mm Hg, in the hope that future progress of the dis- 
ease will be prevented The most contradictory view is held by those who 
recommend operative procedures only for patients with the very worst 
malignant hypertension, refractory to medical management We subscribe to 
neither philosophy not to the foimer, because we as ivell as many otliers 
have seen patients with essential hypertension wdio have continued in their 
wmik wnthout persistent symptoms for 20 and 30 years before organic changes 
m the arterioles have led to tiouble, and because we have seen hypertensive 
disease pi ogress despite sympathectomy done early in youth, not to the latter, 
for then operative risks are great and results unsatisfactory in actual experi- 
ence In our intei mediate position, sympathectomy is recommended when 
danger signals appear in the patient with high diastolic pressure levels w’hen 
his pressure rises even higher, wdien his symptoms become very severe, and 
especially wdien vascular complications (paiticularly those threatening the 
eyes) become demonstiable Ignoring most of the published contraindications, 
we have recommended and pei formed operations wuth no arbitrary age limit 
and in spite of cerebral and coronary arterial occlusions, recent congestne 
heart failure, and even chronic glomerulonephritis It appears that our pa- 
tients have m general been subject to much more severe hypertensive disease 
than those described by most authors 

“Sympathectomy is a palliative and not a curative measure Helpful 
and even life saving though sympathectomy is to some patients, at present it 
fills only a small gap m the great therapeutic problems of essential hj^er- 
tension ^Ve agree wuth these words of Fishberg and wuth his estimate that 
sympathectomy and splanchnicectomy are indicated in only a very small propor 
tion of patients with essential hypertension ® 

Special attention wnll be given elsewdiere'^ to the chronic glomeruo 
nephritic patient with hypertension Although usually considered as too a 
risks for surgery and thought not to respond, a few' patients wuth 
renal disease wnth azotemia have been operated upon w ith results consic c 
worthwhile since they received relief from incapacitating and into era ) 
symptoms Ten such patients had the one stage bilateral transdiaphra»m 3 ^^ 
splanchnicectom)' and sympathectoni)' Tw'o could not be follmic a 
operation and one died in the immediate postoperative period 
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maining seven, two died from uremia aftei five and eight months of freedom 
from then severe preopeiative symptoms and the other five patients have 
remained asymptomatic for pei lods ranging fi om three to 49 months 

The surgical experience with splanchnic and sympathetic resection for 
severe hypertension and vasculai damage in approximately 130 patients in 
this lepoit extends ovei 13 yeais beginning m 1935 We have realized 
thioughout this peiiod that w'e w^ere attempting suigically to help a symptom, 
namely high blood pressuie, and w^eie m no w^ay seeking a cure of the cause 
of hypertension 

Oui operative pioceduie has ahvays been one stage with two operators 
w^oiking simultaneously, since the unilateral opeiation has very little effect upon 
the blood piessure The one-stage operation, lasting a little over an hour, 
ahvays is easiei on the patient, because there is not the waiting period nor the 
hazard of a second operation and a second anesthesia The Feet® piocedure 
of supradiaphragmatic resection w'as done until February 1942 wdien a modi- 
fication of the Smitlnvick® opeiation w'as developed In some recent cases 
wuth rapidly failing vision, retinal hemorrhage and papilloedeina, bilateral 
sympathetic denervation of the head by removal of T2 and T3 sympathetic 
ganglia through a separate transverse incision has been done at the beginning 
of the bilateral thoracolumbar lesection 

The results in the first 40 patients opeiated upon from 1935 to 1938 by 
the Feet procedure have been published in 1940 W e now wish to present the 
status of these same patients as determined in 1947-1948 Theie was a 20 
per cent mortality wutliin the first twm weeks chiefly thiough failure to main- 
tain adequate operative and postoperative arterial piessure (It was about 
1940 that neosynephrme w^as fiist used routinely to prevent renal and cerebral 
ischemia ) Sixteen patients (40 per cent) died of hypertensive disease in 
from twm weeks to twm years after operation, only tliiee or four of these had 
even transient symptomatic impiovement Five patients (12 5 per cent) could 
not be traced and of these three or four are probably dead , four had shown no 
postoperative improvement up to five years, and one patient’s headaches were 
relieved but his pressure levels had already exceeded the postoperative maxi- 
mum 20 months after operation, beyond which time he could not be followed 
Six additional patients (15 per cent) are known to have died of hypertensive 
disease four, six, six, ten, ten, and ii years after opeiation, some following 
shorter periods of symptomatic improvement , three of these were included in 
the group with the best results, including an appreciable fall of blood pressure, 
when the first postoperative study^® was made 

Only five patients (12 5 per cent) are known to be living, at 9-12 years 
after operation In each, the blood pressure is now at or above the preoperative 
level One of these (Mrs G m Table 3 of reference 10) had never shown 
improvement, in one (Case 4 of reference 10) the symptoms of fulness m the 
head and markedly pulsating arteries were alleviated without reduction of 
pressure, in three (Cases 6-8 of reference 10) objective improvement had 
been found for several years 
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Neither enough time had elapsed nor adequate data acquired to warrant a 
report on all of the remaining patients Without further conscious selection, 
howevei, the present state of fifty patients opeiated upon from 1938 to 1946 
may be given* There were only three postopei ative deaths (6 per cent), 
but 21 others (42 per cent) died of their disease between two weeks and two 
\eais after operation An additional six (12 per cent) died of h)pertensi\e 
complications about four years postopei atively Nine (18 pei cent) appeared 


Table I — Results of Splanchmc 

and Syml>afhetic Rcsccftons 
Patients 

in Ninetv Hxfcrtcnsui 


40 Operations 


50 Operations 


1935-1938 


1938-1940 

Status in 

1940 

1947-48 

1947-48 


Per Cent 

Per Cent 

Per Cent 

Died m 2 u eeks 

20 

20 

6 

Died m 2 jears 

27 

40 

42 

Died later 


l3 

12 

Not followed 


12 5 


Unchanged 

23 

2 3 

18 

Symptomatic improtement 15 

10 

18 

Pressure reduced 

15 

0 

4 


to be unchanged, and an equal number obtained symptomatic but not objectne 
relief In only twm patients (4 pei cent) does the pressure remain appreciabh 
low er, aftei one and one-half and six years This is not the entire stor) , 
lehabihtation and fall in pressuie levels w^ere very gratifying in three patients 
(6 per cent) for two to foui years piioi to relapse, wuth subsequent death 
in two 

Table I outlines the above findings brief!} If statistics as a wdiole mean 
anything, these results may seem not to compare favorably with those ot 
others We wush to point out again, however, that the patients selected lor 
operation generall}' suffered more hypertensive disease than those iisuall\ 
described by other authors 

Foi the type of patient referred to us for resection we feel the operative 
procedure is adequate and that total sympathectoni} would not alter the 
statistics as presented We are in accord rvith Hembecker^^ that probabh 
“the onl}' twm organs capable of releasing humors concerned with the patho 
genesis and s} mptomatology of hypertension and whose function can he mo 1 
fied by sympathectoni} are the kidneys and the adrenals” Anatomic stiincs 
of the innervation of the kidney and adrenal glands show tliat the nerves pas^ 
from the celiac ganglion and the upper tw 0 lumbar ganglia so that 
of the splanchnic nerves and the sympathetic chain from To or Tio throUo 
Lo ganglia should effectively denervate the kidneys and adrenals 

We have modified the Smithwick operation by extending the 
proach Bilateral paravertebral incisions are made by two surgeons w or - 
as a team and the operation is earned out sim ultaneously on both sk e^s — 

* More tlian So per cent of the operations were performed in 
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i) The long back musculatuie is divided and segments of the iith and 12th 
ribs aie lesected fioni the tiansveise piocesses lateially foi 4 to 5 cm (Fig 2) 
The mtei costal muscle bundle and \essels aie lesected leaving the intercostal 
neive intact as the long hi am spatulae aie now used foi leti acting the pleuia 
without tiauma to the neive (Fig 3) The pleuia is pushed away fiom the 
veitebial bodies The outei cius of the diaphiagm is pushed off 01 sepaiated 



Fig t — Position of patient, and of incisions being made by two 
operators working simultaneously in performing the one stage 
bilateral transdiaphragmatic splanchnicectomy and sympathectomy 

from the body of the ist lumbai vertebra and ffie diaphragm is split in the 
direction of its fibers for 3 to 4 cm for palpation and if necessary inspection 
of the adrenals and upper poles of the kidneys The retropleuial space is freed 
upward to the level of the 8th 01 9th rib and the sympathetic chain, splanchnic 
nerves and the branches to the aorta on the left side are mobilized (Fig 4) 
The sympathetic fibers aie followed downward in the reti operitoneal space 
until the 2nd lumbar sympathetic ganglion is located The chain is divided 
below this ganglion and then above, usually between the 8th and 9th thoracic 
ganglia The greater and lesser splanchnic nerves are resected from the 8th 
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or 9th nb down to and including the upper half of the celiac ganglion Ordi- 
narily the patient receives 500 cc of whole blood during the operation Neo- 
synephrine is administered by the anesthetist as it is necessary to maintain at 
all times an adequate blood pressure during and following the operation, 
using o I cc intravenously or o 2 to o 4 cc intramuscularly of a i 1000 
solution 

The blood pressure may fall precipitously to dangerous levels during and 



Fig 2 — Exposure of nth and 12th nbs, pleura and diaphragnr with 
resection of the inner portions with transverse processes of nth and 
I 2 th ribs 


after a one stage splanchnicectomy and sympathectomy if special efforts to 
maintain it are not employed Shock, cerebral anoxia, and renal ischemia are 
the principal dangers, the latter complications being of particular importance 
in patients with advanced renal disease Blood pressure measurements are 
made every 5 to 15 minutes during the first postoperative day and less re 
quently thereafter as is indicated If the blood pressure falls below 140 o\er 
100, neosynephrine is administered It may be necessr-y at times to continu 
ously infuse neosynephrine diluted -with 5 per cent glucose in distilled water 
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Maintenance of an adequate fluid balance is necessary and is of the utmost 
importance in patients with advanced renal disease and azotemia If dehydra- 
tion and salt depletion occur it may be difficult to sustain the blood piessure 
at desiied levels, the azotemia may be intensified and acidosis may ensue 
Administration of excess salt and watei may result in edema and heart failure 
The 24-hour urine volume and quantity of sodium chloride excreted is 
measured daily in those patients with severe renal lesions The total fluid 



Fig 3 — Retno%'al of muscle and vascular bundles between beds of nth and 12 ribs 

leaving nth intercostal nerve intact 

intake and output is also measured Fluids should be given slowly and cau- 
tiously, usually about 2000 cc daily in excess of that lost by vomiting Since 
little or no salt is lost in the urine, only enough to replace that lost by sweating 
and vomiting is needed 

Unless an adequate number of calories is supplied, body protein will be 
used for energy, deamination of ammo acids will be increased, and the azotemia 
may be intensified Intravenous solutions should contain glucose of 5 to 10 
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per cent, the patient should be urged to consume food and fruit juices i\ith 
sugar as early as possible after opeiation When food can be eaten \\ithout 
difficulty, an adequate low protein diet is given 

Following operation intei costal neuralgia of ^arylng degree develops e\en 
if the intercostal nerves are divided Seconal and nembutal are of help for this 
condition which lasts from one to several weeks and causes fluctuation in the 
postoperative blood pressure 



Fig 4— Diaphragmatic representation of the Soracolumbar splanch 

1 splanchnic and sympathetic nerves in the one stage bilateral 

lectomy and sympathectomy 


Usually in the second week when tension has the patient 

of life and work is discussed and adjustments ^ ^ tlie emiron- 

but with his 01 her family The proper reaction « P operation, 

ment is most important in seeking securing this adjust- 

and the surgeon should be of great aid to the m ^^^gn^ent that essential 

ment We are in accord however with ^ynian s t 

hypertension still is a medical disease which ^houl^^ P 

the internist whose experience is obviously mud g t po.t- 

geon in the evaluation of cerebral, cardiac and -ndfun 
operative evaluation should also be primarily m 
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SUMjMAKT 

Essential hypei tension is fundamentally a disease which m the great 
majority of our patients has been adequately treated for years and foi decades 
by the internists of the Stanford Univei sity School of Medicine 

After long medical treatment certain few patients no longer respond 
favorably because of the development of malignant hypertension, or because of 
renal, cerebral or cardiac complications of essential hypertension, or because 
the glomerulonephiitic case with hypei tension enters into the terminal stages 

Such patients, although consideied unsatisfactoiy foi operation by most 
surgeons, are i ecominended foi the one stage bilateral tiansdiaphragmatic 
splanchnic and sympathetic tiunk resection m which procedure two sur- 
geons operate simultaneously 

With proper operative and postoperative attention to maintenance of an 
adequate blood pressure at all times, the immediate mortality has been about 
6 per cent 

Such patients referred for operation are given continued and careful 
supervision by the internist immediately after the operation to prevent cerebral 
anoxia and renal failure 

This operative procedure affords a minimal surgical strain on such patients 
and IS considered woith while because it offers temporarj'^ sjnnptomatic relief 
in about one-fifth of the referred cases 
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The absorption^ and hemostatic action^ of gelatin sponge has been the 
subject of several previous communications In experimental resections of the 
liver the control of hemoi rhage with gelatin sponge has been obtained bj' the 
“blanket” technic and in wounds of large veins by the “patch” method^ In 
experimental wounds of large arteries the hemorrhage has been controlled by 
a “cuff” of dry compressed gelatin sponge supported by a chromic catgut 
sheath ^ In experimental wounds of the auricles® and ventricles® the gelatin 
sponge “patch” was found adequate to control massive hemorrhage from the 
heart 

The application of these experimental studies to the problems of hemo- 
stasis in general surgery has been outlined’’ and clinical observations on the 
use of gelatin sponge in patients has been presented ® It has been pointed 
out that the indications for the use of gelatin sponge or any other hemostatic 
agent in clinical surgery should be limited to the contiol of hemorrhage vhere 
ligature or suture was not adequate, desiiable, or feasible 

Hemorrhage from wounds of coronary'^ vessels appeared to present a partic- 
ular challenge in hemostasis, in that the vessels are too small and in too 
rapid motion to permit suture of the wound and the sequel of myocardial 
infarction too hazardous to permit ligation of the vessels, especially the arten 
Although hemorrhage from wounds of the coronary vessels may be encoiin 
tered rather infrequently, nevertheless they^ do occasionally occur as a result ot 
trauma, pericardiocentesis, or in the course of a pericardiectomy 

This experimental study was undertaken to determine the feasibihti o 
utilizing the gelatin sponge “patch” technic to meet this particular c mica 
problem of hemostasis, as well as to evaluate the effectiveness of this 
static agent by a more critical experimental test than has heretofore cen 
carried out 

experiment 

The dogs vere anesthetized with Nembutal using 33 
body weight A tube connected \\ith an a djustable positne pressure air 

* Submitted for publication, October, 1948 TJnner'it' 

t This vork was aided bj a grant from the Upjohn Companj, to 1 e 
Illinois College of Medicine 
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was introduced into the trachea With aseptic technic, an incision was made 
on the left side of the thoiax entering the pleural cavity in the 4th interspace 
The degree of lung expansion was regulated by immeising the air outlet tube 
from the closed mask in a 5 gallon jug of watei The peiicaidium was opened 
and special caie was taken to avoid toision and kinking of the base of the 
heait A wound was made with a scalpel in the anteiioi descending branch 
of the left coionary aitery and vein pioducing a copious hemorrhage which 
had enough force to canv the stream of blood 3 to 4 feet (See Fig i ) 
It IS believed that in some instances the scalpel w^ound completely transected 



Fig I — Showing hemorrhage from scalpel wound of coronary artery and vein A 

incision in wall of artery and vein B— the massive spurt of blood through the incision 
C — tip of auricle 


the artery, although in most instances a partial transection w'as undoubtedly 
obtained In the first five expeiiments the wound w'as made in one of the 
major terminal branches In the remainder of the experiments the wound 
was placed proximal to the majoi terminal bifurcation in the upper third of the 
artery just medial to the tip of the left auricle The “patch” of gelatin sponge 
was prepared from the commercially available product “Gelfoam” size 100 
which IS provided sterile m sealed packages The gelatin sponge was first com- 
pressed by the fingers and then a piece about i inch square cut out of the 
larger compressed sheet These ‘ patches” of dry compressed gelatin sponge 
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were applied over the bleeding wound in the vessels and held in place vith 
the fingers for lo to 20 minutes In most instances it was found necessar} to 
use as many as four 01 five successive patches before the hemorrhage v as com- 
pletely controlled An additional reinforcing patch was usuallj necessary In 
using the dry compressed gelatin sponge there is a tendency for the sponge 
to stick to the gloves, so that m removing the finger pressure from the patch, 
dislodgment occurs This was obviated in these experiments by first letting 
one side of the sponge become soaked in blood and then tin ning it over, using 
pressure of the gloved fingers on the outei blood soaked side 

The gelatin sponge patch technic was used in 37 experiments 111 which 
wounds wei e produced in the coronary artery and vein In four other control 
expel iments oxidized cellulose was used In addition there was a control 
series of two animals m which the coionaiy vessels weie ligated after transec- 
tion In two animals a blood soaked gelatin sponge patch was inserted into the 
pericardial cavity without pi oducing a wound of the vessel These latter t\\ 0 
experiments weie done as controls for the electrocardiographic studies vhich 
weie made on most of the animals before, dining; and after the wound of the 
vessel was produced or the vessels ligated 

The animals which suivived the experiment were sacrificed at varying 
periods of time from one week to six months afteV the wound was produced 
Photographs were taken of the heart and arteriograms were made of the left 
coronary artery, using either red lead 01 metallic mercury Several of the 
hearts were piepaied as cleaied tissue specimens and in the remainder the 
area where the wound had been produced was cut out and prepared for micro- 
scopic studjr 

RESULTS 

In the series of 37 experiments in which a gelatin sponge patch vas used 
as the method of attempting control of hemorrhage from scalpel wounds of tlie 
anterior descending branch of the left coronary artery and vein, the following 
results weie obtained 

In thiee experiments, ventnculai fibrillation and cardiac arrest occurred 
before the hemorrhage could be controlled by the gelatin sponge patch In one 
of these, death occurred shortly after the wound was made in the vessels In 
two experiments death occurred 35 minutes to one hour afterwards, and repre 
sents a definite failure to obtain hemostasis by this method 

In foui experiments, the hemorrhage Avas controlled by the gelatin sponp 
patch but ventiicular fibi illation and cardiac arrest occurred shortly afteniar ^s^ 
In t\\ o this occurred before closing the pericardium , in one it occurred v n ^ 
the chest v ound was being closed , and in one other it occurred after the c ics 
was closed, the fibrillation being detected by the electrocardiogram 
opening the chest this ivas substantiated and attempts at defibrillation ai c 
In one experiment, the hemorrhage was controlled by the patch u 
animal died shortly after the chest ivas closed, apparently as a resii t 0 
anesthesia 
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In two experiments, the animal died some time during the night after the 
operation and at autopsy weie found to have a hemopericardmm due to disr 
lodgment of the patch and secondary hemorrhage 







Fig 2— Showing gelatin sponge patch covering wound of the 
coronary vescels The control of the hemorrhage is apparently due 
to the clotting of the blood in the interstices of the sponge which 
produces essentially a “reinforced clot,” the gelatin sponge furnishing 
the structural support This “reinforced clot” seals off the wound 
in the 1 essel, prevents further loss of blood, and permits restoration 
of blood flow in most instances until healing occurs 


In one experiment, the animal died some time during the night after the 
operation and at autopsy 20 cc of blood was found in the pericardial cavity, 
although the sponge was adherent to the wound in the coronary vessels This 
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amount of hemopencardium may have contributed to the impairment of cardiac 
function but did not seem to be the sole cause of death, which was probabi) 
due to myocardial changes as a result of impairment of circulation after cat- 
ting the vessels 



Fig 3 — Showing gelatin sponge patch one w eek after aPP ‘ 
wonnd of coronary vessels The patch is moderately adherent to 
and parietal pericardium and firmly adherent to the area where 
■was produced 


In 26 experiments, the hemorrhage from the wound in the coronar) 
was controlled by the gelatin sponge patch technic and the animals ", 
experiment (See Fig 2 ) The number of patches required to 0 am^^^ 
stasis varied from one to nine and usually at least one reinforcing p‘ 
necessary In most of the experiments at least four or five successn 
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were used before the bleeding was adequately controlled by a final reinforcing 
patch 

One animal died after two days from pneumonia and one after a week 
as a result of massive infection in the chest incision The remaining 24 animals 
were sacrificed at varying periods of time from one week to six months after 



Fig 4 — Showing gelatin sponge patch six weeks after application to 
wound of coronary vessels The patch has thinned out considerably due to 
absorption and is so adherent to the heart that it cannot be removed except 
by sharp dissection 

the wound was produced The length of time before sacrificing was as follows 
two at one week, two at two weeks, two at three weeks, one at four weeks, one 
at SIX weeks, three at two months, two at two and one-half months, five be- 
tween two and one-half and three months, two at three months, one each at 
three and one-half, four and one-half, five and six months 
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The condition of the gelatin sponge at autopsy varied according to the 
length of time it had been implanted During the first few weeks the sponge 
was red in color and became increasingly firm It was only moderately 
attached to the visceral pericardium during the first week by thin transparent 
fibrinous adhesions as well as to the parietal pericardium The sponge re- 
mained rather firmly adherent, however, to the area where the wound vas 



Fig S — Showing condition of coronary vessels 12 weeks after , 
gelatin sponge applies to wound The gelatin sponge has been comp J 
absorbed and replaced by a small fibrous plaque which covers the area v 
the wound was produced Arteriogram demonstrates patency wncrc 
wound was produced 


made and could not be separated from this region without tearing the 
After one week the sponge became increasingly adherent to the viscera as ^ 
as parietal pericardium (See Fig 3) and after three weeks the sponge 
to split when the pericardial sac was removed, leaving a portion of t le ^ 
adherent to both structures After four weeks the sp mge became somew 
translucent, took on a tan color, and had a glazed appearance and con no 
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sepal ated fiom the heait except shaip dissection After six weeks the 
gelatin sponge patch was consideiably thinned out (See Fig 4) After eight 
^\eeks the sponge ^\as completely absoibed as fai as one could deteimine from 
the gloss appeal ance In place of the sponge theie was a fibious plaque which 
was consideiably smallei than the oiiginal sponge and which could be sepa- 
lated from the pericaidium only by shaip dissection (See Fig 5) After ten 
weeks this fibious plaque became somewhat tianspaient and the wound in the 
coronary Acssels could be identified as a thin tiansveise scai After three 
months 01 more this fibrous plaque became so small that it w'as often difficult 
to identif} the ai ea w hei e the w^ound 111 the vessel had been pi oduced 

Evidence of nnocaidial infarction w'as obseived 111 only tw^o of the speci- 
mens examined The patenc} of the coronar} aitery w^as detei mined by 
arteriograph} using either an aqueous suspension of led lead or metallic mer- 
cuiy The foimer ga\e bettei detail m the terminal aiteiioles, but the meicury 
gave better contrast of the \essel at the site of the w^ound In most of the 
specimens there was no demonstrable interruption of the opaque medium on 
roentgen ra\ , indicating patency of the vessel at the point of mjur} Evidence of 
a constriction or a toi tuosity of the vessel at the site of the w ound w^as demon- 
strated in two dogs A definite filling defect w^as observed in three specimens 
at the le\el of the wound which indicated obhteiation of the vessel foi approxi- 
mately I cm (See Fig 6 showing aiteriogiams) In onl} one of these was 
there gross evidence of an infarct The othei infarct w as found 111 a specimen 
wdiere the arteriogram demonstrated a toituous lumen of the vessel at the 
site of injur} 

Conti ol Sei ics — In four expei imeiits oxidized gauze w^as used in an attempt 
to control hemorrhage from the w'ounds of the coionaiy vessels When two, 
four, or SIX layers of the oxidized gauze w^ere used over the bleeding vessel it 
w^as found that the bleeding continued through the interstices of the gauze 
With eight layers of gauze it w^as possible to control the hemorrhage as long 
as finger pressui e w as main'-ained on the gauze How’^ever, it was found that 
the gauze would not adhei e to the heart sufficiently w ell after removal of the 
pressure of the finger to maintain control of the hemorrhage Furthermore the 
oxidized gauze became rather firm aftei it had been soaked in blood while 
pressure w as being maintained and even if it did adhere to the heart it would 
not expand and contract wuth the heart muscle as the gelatin sponge was 
found to do 

In tw'o experiments the anterior descending branch of the left coronary 
artery and vein w’^as doubly ligated and transected between the ligatures 
Within five minutes there was evidence of cyanosis of the heait muscle distal to 
the ligature Within 20 minutes the electrocardiagraphic changes were rather 
striking After two weeks a definite infarct of the anterior w^all was found In 
one animal the entire anterior w^all including the apex was involved This dog 
died suddenly after eating a hearty meal tw’^o weeks after the ligation was done 
The other animal wffiich w^as sacrificed after two weeks had a large infarct of 
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B C 

Fig 6 — Showing prteriograms of specimens (metallic mercury m let 
coronary) . 

A No evidence of constriction, dilatation, or deformity of the ves 
where wound ivas produced 6 months previously (indicated by point } 
Most of the arteriograms were similar to this 

B Constriction and irregularity of the lumen of the coronary 
where the wound rvas produced 3 months previously, but no - 

occlusion of the vessel at this time One other arteriogram was si 

C Interruption of opaque medium at point where wound was 
3)4 months previously indicating obliteration of the lumen tw'O 
arteriograms were comparable to this In one of these there was g 
infarct 
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the antei lor wall Although two infai cts u ere obsei ved in the series in which 
the vessels ^^ele cut with a scalpel, the lesions weie not of this magnitude 
Elccii oca) diog) aphy — Electi ocai diogi ams weie taken befoie, dunng the 
course of the operation \\hen the wound of the coionary vessel w^as produced, 
or the vessel ligated, and aftei the operation , the classical limb lead and the 



Fig 7 — Showing photomicrographs of wound of coronary artery 

after eight days 
A — defect in wall of artery 
B — organizing hematoma lined by endothelium 
C — fragment of gelatin sponge 


chest leads (LI, II, III, CR, CF, CL, and V) were used The chest lead was 
static, one interspace below the PMI to avoid the line of incision Since dog 
electrocardiograms are exceedingly variable, each dog’s preoperative tracing 
was used as the control for that animal Generalized normals were not used 
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At the time of incision of the coronary vessels Lead III showed a ^en- 
tricular extrasystole and during the peiiod of bleeding showers of extras} stoles 
sometimes occurred, folloAved by the resumption of a normal rhythm and con- 
traction sequence 

In those animals in which there was no gioss infarct follownng incision ol 
the coronary artery, the electrocardiogi aphic changes involved the ST seg- 
ments and the T waves There were no significant early changes m the QRS 
waves Acutely, and persisting, there was depression of the ST segments and 
inversion of the T wave , ST changes of similar character w'ere noted in sponge 
control dogs Later, T2 and T3 were deformed, becoming diphasic and notched 
and a Q of significant amplitude appeared m Lead II 

In dogs which had a demonstrable gross infarct after incision of the cor- 
onary artery (two experiments) and m the two experiments in which the 
coronary artery was ligated, the electrocardiograph changes resembled tliose 
generally found m infarction of the myocardium, 1 c , acute elevation of the 
ST segment and inversion of the T wave with evolution m subsequent electro- 
cardiograms following the usual pattern of myocardial infarction 

Mta oscoptc Study — The microscopic study of the coronaiy vessels was 
carried out with sections, most of which were cut across the vessel, while some 
were cut longitudinally It was necessary to prepare a large number of serial 
sections to locate the wound m the artery because m many instances it Mas 
difficult to determine grossly just wheie the wound had been produced One 
of the most interesting points m this microscopic study was the obsenation 
that the wound m the vessel was rathei lapidly repaired by endothelialization 
of newly formed scar tissue (see Fig 7) under the gelatin sponge patch 
In two instances the wound communicated with a small aneurjsmal sac which 
was not previously visualized by the arteiiogram In one instance the serial 
sections revealed an endothehahzed vascular channel through an area of 
fibroplasia and organizing hematoma which probably represented a small 
defect between the ends of the transected artery Later, there was a veil 
formed scar lined by endothelium which sealed off the wmund (See Fig 8) 
In some instances a small outpouching of the lumen could be seen in this scar 
The behavior of the gelatin sponge m the tissues w^as essentially the same 
as described previousl)’- There was invasion of the sponge by fibroblasts, dc 
posits of collagen in the sponge, gradual absorption of the sponge by the action 
of macrophages, and ultimate absorption of the sponge in about tn 0 mont is 
leaving a small fibrous tissue plaque wdiere the sponge had sealed off the mouik 
m the artery 


COMMENT 

The control of hemorrhage from wounds of the coronary arterj an 
experimental animals by a non-suture method — the gelatin sponge p* 
IS of some significance from the standpoint of its possible 
where suture would not be feasible and ligation most undesirable 
not, however, underestimate the technical problem of obtaining ’cm 
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undei such conditions It is iinpoitant to emphasize that a gieat deal of caie 
and patience is leqiiiied to obtain satisfactoi} lesiilts uith gelatin sponge undei 
such ciitical conditions An}one attempting to use gelatin sponge foi liemoi- 
ihageol compai able magnitude m patients should spend some time famihaiizmg 
himself with the handling of this mateiial under sunilai expeiimental conditions 



Fig 8 — Showing photomicrograph of coronary artery where wound 
was produced three months previously 
A — site of wound 

B — replacement of defect m vessel wall by fibrous tissue plaque 
C — endothelial lining of fibrous plaque 

m animals It should be stressed that as many as four to five successive 
sponges were ordinarily used m these experiments and sometimes as many as 
nine sponges before the massive bleeding was brought under control Even 
then an additional reinforcing patch was generally necessary The fact that 
It was possible to obtain control of hemorrhage from wounds of the coronary 
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vessels b} this non-suture and non-ligature method and ha\e the animal sur- 
vi% e for 48 hours or more in about 70 per cent of the experiments represents 
a rather critical test of the effectiveness of one of the new hemostatic agents— 
gelatin sponge 

Of the 1 1 experiments in which the animal died during, immediately after- 
\\ards, or some time during the night after operation, there were four which 
represent a definite failure of this method, tw'o in w Inch the hemorrhage could 
not be controlled and two in wdnch there w as secondary hemorrhage due to 
dislodgement of the patch Of the remaining seven early deaths, most of these 
could be attributed 111 varying degiee to myocardial ischemia due to cutting of 
the vessels or to the operative manipulation of the heart Both of these factors 
lead to ventricular fibrillation Of these seven deaths there w'ere four m w inch 
the hemorrhage w'as controlled by the gelatin sponge patch before fibrillation 
of the heart developed 

When one takes into consideration that interruption of the coronary artery 
circulation by ligation at the level where the incision w^as made in most of these 
experiments has a moi tahty of 70 per cent,^“ it is not surprising that there is 
an appreciable mortality to temporary intenuption of the circulation such as 
must occui between the time the w'ound is produced in the vessels, and the 
control of the hemorrhage b}' the gelatin sponge patch At least n per cent 
of those animals which died promptly after the experiment represent an un- 
questioned failure of this gelatin sponge patch technic On the other hand, in 
19 pel cent of the experiments the early death could be attributed to a con- 
siderable extent to the opeiative piocedure on the heart and the w'ound of the 
coronary vessels wdnch produced enough disturbance in the cardiac physiolog) 
to bring about a lethal outcome 

Another interesting feature of this w'ork aside from the control of hemor- 
rhage by this “patch” method is the rapid healing of the wound in the vessel 
and the relatively infrequent occlusion of the vessel by thrombosis at the 
level of the wound In only three specimens did the arteriogram demon- 
strate a complete occlusion These w'ere in animals wdnch survived one week, 
three months and three and one-half months respectively In one of these there 
w as a definite infarcted area but it was smaller than that observed after ligation 
at this level In tw o of the arteriograms there w as some evidence of constric- 
tion or defoi mity of the vessel at the level of the w'ound In one of these there 
was an infarction of the myocaidium It is presumed that the patenc) of the 
vessel by arteriography may represent a recanuhzation of the vessel after 
occlusion b} thrombosis, which originated at the level of the wound The 
relatnel} good healing of the wound in the vessels which w'ere “patched” with 
gelatin sponge is apparentl} due to the rapid endothehahzation of the %asciilar 
channel between the edges of the w'ound under the protective corer of the 
gelatin sponge patch 

The electrocardiographic studies in these experiments were of interest 
primanh from the standpoint that the characteristic changes generall) seen 
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after coronary occlusion, and found in the ligature control series, did not 
occur after cutting the vessel and restoiing the blood flow with the aid of the 
gelatin sponge patch Such changes as did occur in the electrocardiogram 
following transection of the vessel resembled “strain patterns,” characterized 
by inversion of TI, depression of ST segments, and changes in the contours 
of the T waves, except for the two instances where mfaiction occurred and in 
these tracings the changes were compaiable to those found after ligation 

It IS recognized that the inteipretation of the electrocai diograms in dogs 
represents somewhat of a problem and a more detailed report of this phase of 
the work will be made subsequently It is believed that the method of taking 
electrocardiograms which can be read and identified wdiile the expeiiment is 
in progress represents a distinct advantage in work of this type As a result 
of the stimulus from this experimental work, it is planned to install a visual 
recording electrocardiograph m the hospital operating rooms for tracings on 
patients especially of the older age group so that a better evaluation of the 
cardiac status can be obtained dm mg the course of prolonged anesthesia for 
radical surgery 

1 he failure to obtain control of hemorrhage from wounds of the coronary 
vessels with oxidized cellulose is of some importance in evaluating the prop- 
erties of this hemostatic agent The use of oxidized cellulose for wounds of the 
vena cava in dogs was also found to be unsatisfactory The principal point 
which was observed w^as that the oxidized cellulose would control the hemor- 
rhage as long as finger pressure w^as maintained and if rather thick pads were 
used However, there ivas relatively little tendency for the oxidized cellulose to 
adhere to the heart or the vena cava after the finger pressure was removed, 
and thus the control of hemorrhage was not maintained This brings up the 
basic difference in these two hemostatic agents the oxidized cellulose appears 
to act primarily as a chemical coagulating agent, wdiereas the gelatin sponge 
acts as the structural support for a blood clot Thus, one could say that the 
principal indication for the use of gelatin sponge is where the control of 
hemorrhage can best be accomplished and maintained by a “reinforced clot ” 
These observations do not in any way negate the value of oxidized cellulose 
for many of the problems of hemostasis in surgery ivhere an absorbable coagu- 
lating medium is indicated, but rathei suggest that in some types of hemor- 
rhage the gelatin sponge may be more effective 

In these experiments on dogs, no thrombin was used in the gelatin sponge 
Thrombin was omitted primarily to evaluate the effectiveness of the sponge 
alone Furthermore, the thrombin may be definitely contraindicated where 
the gelatin sponge is used for control of hemorrhage from blood vessels as it 
could probably contribute to intravascular thrombosis if any of the thrombin 
escaped into the lumen of the vessel 

SUMMARY 

In a series of 37 experiments on dogs, a scalpel wound was produced in the 
anterior descending branch of the left coronary artery and vein The hemor- 
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rhage was controlled by the application ot a gelatin sponge patch and the 
animal survived the immediate operative period in 70 per cent of the experi- 
ments In II per cent of the experiments, this “patch” technic was a failure 
In 19 per cent of the experiments the animal died from the effects of tem- 
porary interruption of the coronarj’- circulation, manipulation of the heart or 
the anesthesia 


CONCLUSIONS 

The gelatin sponge patch technic may provide a desirable means of con- 
trolling hemorrhage from w'ounds of coronary vessels and thus restoring blood 
flow m a vital \ essel where suture may not be at all feasible and ligature not 
desirable For wounds of the coronary vein alone, the “patch” technic is rela- 
tively simple, how'ever, for wmunds involving the coronarj'^ aitery it is doubt- 
ful that one could expect satisfactoiy results in patients wnthoiit previous 
experience wnth this technic m experimental animals 

The control of hemoi rhage by gelatin sponge under the conditions obtain- 
ing m this experimental study represents a 1 athei critical test of the effective- 
ness of this hemostatic agent 
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TOTAL GASTRECTOMY FOR CARCINOMA OF THE STOMACH* 

John P West, M D. 

Ne^\ York, N Y 

FROM THE SURGICAL SERVICE ST LUKn*S HOSPITAL 

The first complete reseciion of the stomach m man was performed 
by Phineus Conner of Cincinnati, m 1884 ^ The patient, moribund at the time 
of operation, died on the table and it was not until 1897, 13 years later, that 
Schlaetter of Zuiich was able to leport the first successful total gastiectomy- 
This patient lived for 14 months befoie dying of a recuirence of the carcinoma 
In 1898, four American suigeons, Brigham,^ MacDonald,^ Richardson,^ and 
Harvie,® each successfully lemoved the entire stomach from patients suffering 
fiom gastric carcinoma The patients of Brigham and MacDonald were 
reported to be alive and well eight and seven years respectively, after 
operation 

In 1928, 31 years after the first successful total gastrectomy, Finney and 
Rienhoff® reviewed the literature and found leports of 67 total gastrectomies 
for carcinoma The operative moitality was 53 8 per cent In a similar group 
of 55 patients subjected to radical gastrectomy, but with the preservation of 
3 c or less of gastric wall at either the esophageal or duodenal end, there 
was an operative moitality of only 25 per cent Finney and Rienhoff con- 
cluded that, “a more beneficial result clinically, physiologically, and mechan- 
ically IS to be expected if one leaves a portion, ever so small, of the gastric 
mucosa ” 

By 1942 the repoited number of total gastrectomies for carcinoma had 
risen to 298 and the operative mortality had dropped to 37 6 per cent ^ Of the 
186 patients surviving operation only 16 or 8 5 per cent were known to have 
survived for more than three years Metastatic or recurrent carcinoma was 
believed to be the cause of death in 82 5 per cent of the patients who survived 
operation but later died 

In more recent reports^®’ the operative mortality has varied be- 

tween 10 and 30 per cent. Table I, and although about half of the patients 
who survive operation die within a yeai or 18 months, approximately 20 per 
cent can expect to live for thi ee years or longer 

Studies of the nutritional status of patients who have survived total 
extirpation of the stomach have resulted in conflicting reports Farris^^ and 
associates, after studying a gioup of patients at the University of Michigan, 
stated that the stomach does not play an essential role in the digestion of fats 
and proteins It was also their conclusion that while gastrectomy interferes 
with the metabolism of iron, primary anemias are rarely encountered In the 
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same year, 1943, Rekers^’’’ and associates m reporting the results of studies made 
at the Memorial Hospital, in New York, stated that “patients who ha\e had 
total gastrectomy for carcinoma of the stomach have an impaired abiht) either 
to digest or absorb the fat of the diet and, in one patient, the protein of the 
diet” In these same patients they obsen^ed “a refractory rather than a 
macrocytic anemia” MacDonald^ and associates, in 1947, reported studies 
on three patients who had survived total gastrectomy for three, five, and ten 
years, respectively The three and ten year survivors vere said to be in 
excellent condition Their fat absorption was not significantly impaired Tlie 


Table I — Total Gastrectomy 


Authors 

Year of 
Report 

Number 

Operations 

Mortality 

Fmney and Reinhoff® 

1928* 

67 

55 8% 

Pack and McNeer* 

1942* 

298 

37 6% 

Waugh and Fahland'* 

1945 

77 

44 2% 

Snuth'i’ 

1947 

89 

29 1% 

Ransom'2 

1947 

60 

23 0% 

Pack McNeer Boohn'* 

1947 

41 

31 7% 

Longmtre'J 

1947 

20 

10 0% 

Smithw tek*’ 

1947 

10 

20 0% 


* Review of literature 


Table II — Gastrectomy Esophagojcjwwstomy 


Years 

Number 

Operations 

Number 

Deaths 

Mortality 

1938-1944 

7 

5 

71% 

1945-1948 

11 

2 

18% 






— 

Total 18 

7 

39% 


third patient, a five year sunnvor, who had a partial pancreatectomy m addi- 
tion to total gastrectomy, showed impairment of fat absorption Ti\o of the 
three patients developed a macrocytic hyperchromic anemia, two and five ) cars 
after operation The third patient had prophylactic liver tiierapy and did not 
develop anemia 

There is little information available concerning those patients who sunne 
operation and later die from inanition Longmire^® reported two such patients 
among ten postoperative deaths Since both patients had been discharged from 
the hospital and apparent!} lAere receiving inadequate diets he concluded that 
these patients would ha\e sur\ived if they had been provided with ordinan 
dietar} requirements In reporting 43 late deaths following total gastrcctonn 
Smitld” stated that se\en, or 16 per cent, died from inanition The details of 
these deaths are not recorded 
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Our observ'ations lead us to believe that some deaths reported as due to 
metastases or a recuirence of the carcinoma actually may have been caused 
by inanition 


CASE MATERIAL 

Our experience m treating caicinoma of the stomach by gastiectomy with 
esophago-jej unostomy is limited to i8 cases Theie were seven deaths, an 
operative mortality of 39 per cent Thei e have been only two fatalities among 
the II patients opeiated upon since 1944, an operative moitality of 18 per cent 
(Table II) The causes of death are shown in Table III Three patients died 
from infection, presumably caused by a leak of the esophago-jejunal anasto- 
mosis, two died of shock, one developed a fatal pneumonia and one death was 
caused by a pulmonary embolus 


Table HI — Causes of Opoatwe Deaths 


Name 

Year 

Survival Period 

Cause of Death 

A V 

1940 

3 Months 

Peritomtis 

T S 

1940 

1 Day 

Shock 

T E 

1944 

1 Day 

Shock 

H 0 

1944 

6 Weeks 

Pentomtis 

K H 

1944 

15 Days 

Pulmonary embolus 

J F 

1945 

11 Days 

Peritonitis 

M N 

1945 

6 Days 

Pneumonia 



Table IV 

— Causes of Late Deaths 


Name 

Survival Period 

Cause of Death 

E H 

4 Years 

Metastases 

F D 

1 Year 

Recurrence 

B G 

7 Months 

Recurrence 

P Q 

10 Months 

Recurrence 

C G 

6 Months 

Recurrence 

W B 

7 Months 

Inanition 


Six of the II patients surviving operation are now dead The survival 
period and the causes of death are shown in Table IV One patient lived for 
four years before dying from metastases The remaining five patients lived one 
year or less , four died because of a local recurrence of the carcinoma and one 
patient died from inanition although he had an excellent appetite and spent 
most of his postoperative life in the hospital where every effort was made to 
improve his nutritional state 

The present condition of the five patients who are alive is shown in Table 
V Although it cannot be said that any of these people have been returned 
to a completely normal physical state, they are living fairly comfortable lives, 
one for 30 months, one for 22 months, two for three months and one for 
one month 
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The present stud} is concerned piimanh A\ith the subsequent histor\ ot 
patients \\ho have survned gastrectomy We are lepoiting in some detail 
our obser\ations on three patients One lived for four years before dvin" 
from metastases, the second died from inanition seven months after operation 
and the third is alive and fanly well, 30 months aftei operation 

The first patient (E H ) was operated upon m December, 1938, and the 
entire stomach nas removed She died in November 1942 Death vas thought 

id 

to be caused by metastatic carcinoma, this diagnosis being based on roentgen 
evidence of tumor m the pelvic bones, the presence of an enlarged Iner and 
ascites Post mortem examination was not done as the patient died in an- 
othei hospital 

While this patient n as never robust following operation and did not return 
to any gainful occupation, she led a reasonably comfortable life for more than 




Table V 

— Picsent Condition of Snrvivois 


Name 

Postoperative 
Inter\ al 

Weight 

Appe 

tite 

Food 

Capacity 

Stools 

Blood 

Work 

\ B 

30 Montlis 

Loss 

34 lbs 

Poor 

3 meals a 
day Occa- 
sional vom- 
iting 

Normal 1 per day 
No diarrhea 

RBC 4 3 

Hb 98% 

Serum protein 7 3 

Light 

IlOU'C 

work 

M L 

22 Months 

Loss 

10 lbs 

Poor 

Frequent 

feedings 

2-3 per day Occa- 
sional diarrhea 

RBC 4 0 

Hb 80% 

Regular 

Secretin 

W M 

3 Months 

Loss 

10 lbs 

Good 

Frequent 

feedings 

Normal 1 or 2 per 
day No diarrhea 

RBC 3 6 

Hb 70% 

None 

J R 

3 Months 

Gain 

10 lbs 

Good 

Frequent 

feedings 

Normal, 2 per day 
No diarrhea 

RBC 4 1 

Hb 75% 

None 

A W 

1 Month 

Loss 

2 lbs 

Lair 

Frequent 

feedings 

Normal 1 or 2 per 
day No diarrhea 

RBC 4 0 

Hb 80% 

None 


three \ears before developing symptoms vhich presumably ivere due to 
metastases Blood counts made at frequent intervals revealed an anemia, 
characterized by a hemoglobin of betn een 60 and 70 per cent and a red cell 
count of about 3;50o,ooo, i\hich persisted in spite of almost continuous iron 
(ferrous sulfate) and liver therapy Coincident with the roentgen findings of 
bone metastases, three and a half }ears after operation, a marked increase m 
the degree of anemia i\as noted It is the opinion of Dr Luis A AmiH, vho 
followed this patient 111 the hematology clinic, that at no time was the anemia 
of the priinar\ t} pc 

Although edentulous, this w oinan ate fairly well on her se\ eral admissions 
to the hospital, but due to her low’ economic status it is probable that her food 
intake at home was not ideal Even so, she maintained a weight of between 9^ 
and 100 pounds Her normal weight had been about no pounds She did not 
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at any time stiff ei fiom a disabling diarrhea and ordinarily had two or three 
bowel movements a day Examination of the stool one year after opeiation 
showed a fat content of 49 per cent and at one year and nine months the fat 
content was 34 pei cent 

A deficiency of protein digestion was suggested by persistently low total 
seiiim protein levels and the fact that it was repeatedly noted on the patient’s 
chart that she had a mild nutritional edema 

The second patient (W B ) was opeiated upon 111 July, 1947, and the 
entire stomach, except 3 cm of the pylorus was removed He died of inanition 
m Februaiy, 1948 His course was uncomplicated until the eleventh postoper- 
ative day, vhen he developed diaiihea This diarrhea persisted, with the 
exception of shoit periods of three or four days, until the patient’s death seven 
months later Intensive medical and dietary treatment failed appreciably to 
alter the number or character of the stools The fat content of the stool deter- 
mined on one occasion, six months after operation, was found to be 40 per cent 
This patient’s normal weight was about 140 pounds although at the time 
of admission to the hospital he weighed only 120 pounds Following operation 
his appetite was lavenous and after about two weeks he regularly consumed 
six feedings pei day of a high protein, high caloric and high vitamin diet His 
weight, on discharge from the hospital, five weeks after operation was 
1 17 pounds 

He did not do well at home and was readmitted to the hospital, three weeks 
after discharge, complaining of a persistence of the diarrhea and a weight loss 
of 19 pounds This patient spent the lemainder of his life, about five months, 
in the hospital where strenuous efforts in the way of oral and parenteial feed- 
ings were made to improve his nutritional status 

In spite of the high protein diet, supplemented by oral and intravenous 
protein hydrolysates, serum protein values dropped from an immediate post- 
operative level of 7 4 Gm per cent to less than 6 Gm per cent, and remained 
below this level A mild though progressive dependent edema was present 
During the last month of life the edema was quite marked and ascites developed 
A mild degree of anemia, as indicated by an average hemoglobin value of 
75 per cent and a red cell count of about 4,000,000 persisted in spite of ferrous 
sulfate therapy Liver was not given to this patient 

Post mortem examination showed extreme emaciation There was practi- 
cally no subcutaneous fat and the omentum as well as the mesentery of the 
intestines was devoid of fat There was no evidence of carcinoma, local or 
metastatic Consolidation of the right lower lobe of the lung was present but 
this was regarded as a terminal development The primary cause of death 
appeared to be starvation, due to an inability to digest or absorb adequate food 
from the intestinal tract 

We had no satisfactory explanation as to why this patient was unable to 
digest enough food to sustain life One possible factor is that in 1937, 10 
years before the gastrectomy, the patient’s right colon had been removed 
because of a carcinoma of the hepatic flexure However, excellent health for 
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nine years following the partial colectomy suggests that this operation had 
little to do with his failure to maintain a satisfactory nutritional state following 
gastrectomj 

The third patient (A B ), a 59-year-old woman, w’as operated upon in 
October, 1945, and the entire stomach, except approximately 4 an of the 
pylorus, was removed In April, 194S, 30 months later, she was in fairl> good 
health, able to do her ow n shopping, and a large part of her usual housew ork 
The most striking feature of this patient’s course has been a total w eight loss 
of 34 pounds, 6 pounds of it in the past yeai She has not had a particularh 
good appetite, but does eat three small meals a day and further supplements 
her food intake by candy betw een meals The chronic constipation complained 
of prior to operation disappeared and the patient has had one large but norma! 
bowel movement each day Medication has been limited to an iron compound 
and multiple \ itannn tablets At the last examination, 30 months after oper- 
ation, the blood count w’as 4,300,000 red blood cells wnth a hemoglobin of 
98 per cent and the total serum protein was 73 per cent 

COMMENT 

As previouslj indicated, tw 0 cases included in this report are not true total 
gastrectomies In one (W B ) 3 cm of the pylorus wms not removed and in 
the second (A B ) approximately 4 cm of the pjlorus was left The small 
amount of gastric mucosa was spared m the hope that its presence might 
reduce the nutritional difficulties wdnch are knowm to occur in some patients 
subjected to total gastrectomy 

The preservation of gastric mucosa in the patient (W B ) had no appar- 
ent beneficial influence on his most unsatisfactory course The outcome in the 
second patient (A B ) with approximately 4 cm of pylorus, has been satis- 
factorj' except for a marked W'eight loss 

Our experience with tw’o other patients, not included m this series, 
strengthens the impression that even small amounts of gastric mucosa mav be 
of benefit to the patient The first of these patients (H M ) had an almost 
complete gastrectomy for the removal of a neurofibroma of the fundus, only 
6 cm of the cardia being left This man, after a long convalescence during 
w Inch the "dumping s) ndrome” made his life most uncomfortable, returned to 
work as an automobile mechanic On the last examination, 22 months after 
operation, he was gaining weight and w'eighcd 132 pounds Normal preoper- 
ati\c weight was 156 pounds He had a fairly good appetite and regularly ate 
SIX small meals a da\ Bow el ino\ ements w ere normal and there w as no anemia 

The second patient (J U ) was operated upon for the remo\al of a gastric 
carcinoma '\11 the stomach, except 6 cm of normal appearing pjlorus, was 
excised and the esophagus was anastomosed to the remanant of ptlorus Coii- 
%ale5cence was prolonged due to stricture at the site of anastomosis but at the 
last examination, 12 months after operation, this man appeared to be in good 
health He had a fairh good appetite although a limited food capacitv forced 
him to cat frequent small meals His weight was 105 pounds, a gain of about 
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nine pounds since discharge from the hospital Preoperative weight had been 
ii6 pounds Examination of the blood revealed a hemoglobin of 94 per cent, 
4,700,000 red blood cells and a total serum protein of 7 4 Gm per cent 

No definite conclusions can be drawn from the small number of cases herein 
reviewed, but three of the four patients m whom a small amount of stomach 
was retained appear to have enjoyed a better nutritional state than those in 
vhom the entire stomach was removed This observation is in accord with 
that of Finney and Rienhoff® and suggests that further observations are needed 
on this and other points connected with total gastrectomy It is disturbing to 
have a patient survive total gastrectomy only to die later of inanition after 
apparently being cured of his carcinoma 

SUMMARY 

1 Eighteen patients with carcinoma of the stomach were treated by total 
gastrectomy There were seven deaths, an operative mortality of 39 per cent 

2 Six of the 1 1 survivors are now dead One patient lived for four years, 
one for one year and four died within one year following operation 

3 Five of the six deaths were due to a recurrence of the carcinoma One 
patient died of inanition seven months after operation although his food intake 
had been adequate Post mortem examination revealed no evidence of 
carcinoma 

4 Five patients were alive at the time of this report One for 30 months, 
one for 22 months, tv 0 for three months and one for one month 

5 The four patients followed from one to four years have maintained a 
fairly satisfactor}'-, though subnormal nutritional state 
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CHEMOSURGICAL TREATMENT OF TUMORS 
OF THE PAROTID GLAND U 

A mCROSCOFICALLY CONTROLLED METHOD OF EXCISION 

Frederic E Mohs, M D 

\I\D1S0X, WiSCOXSIX 

from the CHEMOSURGER'i CLINIC DEPARTMENT OF SURGERY, 

UNIVERSITY OF WISCONSIN MFDICAL SCHOOL 

In the TREATMENT OF TUMORS of the parotid gland the mam object is the 
complete removal of the neoplasm A second object is the preseivation of as 
much as possible of the facial nerve which travel ses the parotid gland The 
attainment of these goals is facilitated by the use of the chemosurgical technic 
which, by virtue of its microscopic control of excision, enables the eradication of 
neoplasms with an unusually high degree of reliability and with maximal 
conservatism The development of the chemosurgical method m the laboratoiy^ 
and in the clinic,^ and its application in the treatment of cancer of the lip,"* 
nose,'* ear,'’ eyelid, face,'^ extiemities and trunk® and skin*’ have been described 

TECHNIC 

The chemosuigical technic as applied to the excision of tiimois of the 
parotid gland wnll be described m the case leport wdiich follow's 

Case Report — W H , male, age 8o, was admitted to the Wisconsin General Hos- 
pital complaining of a growth under the left ear The lesion which began as a deep-seated 
mass in the parotid gland was first noticed by the patient about 6 months previously 
The mass had grown rapidly despite radium and roentgen ray therapy One month before 
admission a lobule in the posterior portion of the mass had rapidly broken through to the 
surface of the skin and an ulcer had developed at its apex 

Just below the ear and impinging upon it was a deep-seated mass which measured 
65 by 80 cm (Fig lA) Near the posterior edge there was a protrusion which measured 
3 5 by 4 5 cm , and in the center of this was an ulcer which measured i 7 by i 9 cm The 
mass pressed up against the ear and external auditory canal with resulting deformity of 
these structures The neoplasm ivas firmly fixed to the parotid gland and other deeper 
structures There was no facial paralysis 

Following premedication with 0015 Gm of morphine sulfate the first step in the 
treatment of this lesion W’as the application of a keratolytic, dichloracetic acid, to the 
portion of the mass covered by skin Whitening of the skin ser\ed to indicate when the 
keratin layer had been penetrated and rendered permeable to the zinc chloride The 
zinc chloride fixative paste was then applied in a thickness of about 3 mm The paste 
contained stibmte (80 mesh sieve), 40 Gm , powdered sangumaria, 10 Gm , and satu- 
rated solution of zinc chloride, 34 5 cc The treated area was covered with a thin layer 
of cotton and then by a layer of cotton on which petrolatum had been spread to make a 
moisture-tight closure 

Submitted for publication, July, 1948 

M was aided by the Thomas E Brittingham Fund, the Jonathan Bowman 

Garnet W McKee Fund and the Wisconsin Alumni Research 
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After 24 hours a layer of tissue about i cm thick was excised There was no pain or 
bleeding from this operation because the incision was made through killed and fixed 
tissue The presence of neoplasm was evident upon gross inspection Frozen sections of 
the fixed tissue revealed the presence of a squamous cell carcinoma with a degree of 
malignancy of grade 3 (Fig 4A) The fixative was reapplied 

During the next four days the tumor mass was removed in successive layers without 
microscopic examination of the excised tissues On the fifth day, however, it became 
impossible to differentiate grossly between normal and cancerous tissues in some areas 



A B C 

Fig I — (A) Parotid carcinoma which had grown rapidly over a period of six 
months and had failed to respond to x-ray and radium treatment The main mass was 
deep-seated but there was an ulcerated protrusion of one month’s duration f^^y^ 
posterior part of the neoplasm (B) Lesion after separation of the final layer of fixed 
tissue except for a portion over the sternocleidomastoid muscle near the lower edge 
extensions from the mam mass which followed along the perimesium of the stylohyoid 
muscle and along the perineural lymphatics of the auriculotemporal nerve were removed 
by multiple microscopically controlled excisions (C) Healed lesion two months later 
There was no facial paralysis except for the muscles of the chin supplied by the mandib- 
ular branch The patient was free of cancer after seven years 


Therefore, the layers of tissue from the areas in question were divided into specimens 
of convenient size, frozen sections were cut through the under surface of each by means 
of microtechnical procedures which have been described The sections were scanned 
under the microscope and the areas of cancer so found were marked with red pencil on a 
map drawn on a pad of paper This map corresponded to a map drawn on the lesion with 
merbromin during the excision of the specimens Reapphcation of the fixative was then 
limited to the areas demonstrated to be cancerous by microscopic visualization 

This process was repeated daily until the 20th day when the removal of the last 
extension of the cancer was completed In some areas the microscopically visualize 
extensions of the neoplasm extended more than 2 cm beyond the grossly visible portion 
One extension followed the perineural lymphatics of the aui iculo-temporal nerve for 
several millimeters while another followed the perimesium of the stylohyoid muse e 
Without the systematic microscopic control afforded by the chemosurgical method these 
extensions undoubtedly would have been missed 

382 



Volume 129 
Number 3 


TUMORS OF THE PAROTID GLAND 


It IS important to emphasize that the technic made it feasible to examine every square 
millimeter of the lesion under the microscope and to proceed till the entire area was 
free of cancer 

Five days after reaching a cancer-free plane the thin final layer of fixed tissue had 
become demarcated so that most of it could be dissected off (Fig iB) Upon return 
for checkup two months later the lesion had completely healed with a fine linear scar 
(Fig iC) The patient was free of cancer when last seen seven years later Despite 
the extensiveness of the lesion there was no facial nerve paralysis except for the unim- 
portant mandibular branch 

In the absence of palpable regional nodes and m consideration of the 
advanced age of the patient a neck dissection was not done In a younger 
patient with a carcinoma of such large size and high malignancy, a prophylactic 



A B C 

Fig 2 — (A) Carcinoma of the parotid gland One year prior to admission, a mass 
which had been diagnosed “mixed tumor of the parotid” was surgically excised and the 
area treated with x-ray The recurrent mass was hard and fixed and it measured 6o by 
63 mm (B) Lesion after chemosurgical excision Because of the definitely infiltrative 
character of the neoplasm (Fig 4B) a diagnosis of carcinoma was made The neoplasm 
infiltrated around the mam branches of the facial nerve so complete paralysis resulted 
from the chemosurgical removal The inferior wall of the external auditory canal was 
also invaded (C) Healed lesion three months later The complete facial paralysis is 
apparent Theie has been no recurrence after three years 


neck dissection would have been recommended Palpable enlargement of the 
nodes also would have called for neck dissection It may be advisable m some 
cases to do both a carotid ligation and a lymphadenectomy during or prior to 
chemosurgical excision of the primary lesion Such a procedure not only would 
accomplish the removal of the nodes suspected of containing cancer but it 
would also avoid the danger of hemorrhage during the chemosurgical treatment 
of the parotid lesion 

In some cases in which deep invasion into the region of the external carotid 
artery is foreseen the ligation of this vessel just above the carotid bifurcation 
IS advisable in order to prevent hemorrhage during separation of the final 
layer of fixed tissue There were four instances of bleeding sufficient to require 
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a suture-ligatuie or a pressure dressing in the 17 cases m this senes This 
complication could have been avoided by ligation of the external carotid, either 
before institution of chemosurgical treatment or after the sections had revealed 
that there were deep extensions of cancer along this vessel No instance of 
serious hemorrhage occurred in the patients whose cases are reported in 
this senes 

In two patients whose cases are reported in this series the exteinal carotid 
artery was ligated One ligation was done prior to the institution of chemo- 
surgical tieatment because the carcinoma obviously had extended very deeply 
The other ligation was earned out because it was determined, during chemo- 
surgical treatment, that the caicinoma had extended around this vessel 



A B C 

Fig 3 — (A) Carcinoma of the parotid of two years’ duration A tamor 
excised in another department and the area treated with radium one year beior 
admitted to the chemosurgical department (B) Lesion after chemosur^cal ex 
nine microscopically controlled stages and after separation of the nnal ranal 

tissue The carcinoma (Fig 4C) extended onto the bone of the ^'^ternal audi 0^ 1 

the temporal bone, the zygoma and the condyloid process of the mandible wn , . 

tures aie shown in the base of the wound Some areas of mixed tunmr ^ 

indicating that the carcinoma arose in a pre-existing mixed turnor ine 
invaded for several millimeters along the perineural lymphatics of the °ran . , 
facial nerve (Fig 4D) to the frontalis muscle which was paralyzed j ,, ,c 

lesion with partial closure of the auditory canal The lack of lower facial ^ , 
evident There was some weakness of the lower eyelid so that a tarsorrhaphy 
although this probably was unnecessary The patient is free of cancer alter 10 y 


Some neoplasms of the parotid gland retain considerable secretory function 
and the lesion may be so moist that penetiation of the fixative cheinica is 
reduced due to dilution In several cases it was necessary to reapply the x 
ative twice instead of once daily 

Salivary fistulas which persisted for periods of from one week to 21 niontis 
were encountered in 15 of the 17 patients whose cases are reported m ns 
series In only four cases did the fistula persist longer than three nion s 
During the healing of lesions of the parotid gland after chemosurgical trea 
ment, part of the surface is covered by epithelium derived from the paroti 
ducts Ordinarily, this parotid epithelium is gradually replaced by t e 
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epithelium of the skin, the latter apparently being more able to survive the 
conditions on the suiface of the body However, if complete replacement by 
the skin epithelium does not occur promptly, the fistula may be eradicated by 
the simple expedient of applying the zinc chloride fixative to the exposed 

A B 



C D 


Fig 4 — Sections of parotid carcinomas after fixation m situ by zinc 
chloride (A) Squamous cell carcinoma from patient shown m Fig i The 
large clear cells were degenerated rather than keratinized The degree of 
malignancy was considered grade 3 (B) Carcinoma from patient shown in 

Fig 2 A moderate degree of invasiveness is evident (C) Carcinoma from 
patient shown in Fig 3 This moderately invasive neoplasm arose in a 
pre-existing mixed tumor (D) Same tumor, showing perineural invasion 


parotid epithelium In every case m this series in which troublesome parotid 
fistulas were encountered, this method was effective in eliminating the condi- 
tion Even an apparently permanent fistula of 21 months’ duration was healed 
m ten days after institution of this treatment 
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THERAPEUTIC RESULTS IN CASES OF CARCINOMA OF THE PAROTID GLAND 
Thirteen carcinomas of the parotid gland were chemosurgically treated 
during the seven-year period ending November 30, 1944, which date is over 
three years prior to this writing Most of the lesions were large and deep- 
seated Nearly two-thirds of the patients (63 6 per cent) had received previous 
unsuccessful surgical excision or radiation treatment In none of the cases was 
the presence of metastasis recognized at the onset of treatment 

End Restdfs Ajtei Tin ee Yeais or M01 e — ^The 13 cases observed for three 
years or more were divided into “indeterminate” and “determinate” groups 
according to the plan of Martin, MacComb and Blady The indeterminate 


Table I — End Results of Chemosui gxcal Removal of Carcinoma of the Paiotid Gland 


This senes includes the cases of all patients with histologically proven carcinomas 
both early and advanced, previously untreated and recurrent who were admitted to 
the chemosurgery clinic from March 26 1938 to November 30 1944 for the three year 
group and from March 26 1938 to May 1 1943 for the five year group 

Three Year Five-Year 
Period Period 


Total number of cases 
Indeterminate group 

Patients without recurrence dead from other causes 1 
Patients without recurrence lost from observation 1 

Total number 
Determinate group 
Total number 

Unsuccessful results 

Patients dead as a result of cancer 4 

Patients with cancer lost from observation 0 

Patients with cancer living 0 

Total number 
Successful results 

Patients free from cancer for three years or more 
Patients free from cancer for five years or more 
Three year end results 

Total number of cases with successful results divided by 
total number of determinate cases (7—11) 

Five-year end results 

Total number of cases with successful results divided by 
total number of determinate cases (6 — 10) 


13 12 

1 

1 

2 2 

II 10 


4 

0 

0 


4 


7 


6 


63 6% 


60% 


group included one patient who died of othei causes before the expiration of 
three years without recurrence of the cancer and one patient who was lost 
from observation without evidence of cancer when last seen The deteiminate 
group included the unsuccessful results of which there were 4 and the success- 
ful results of which there were 7 Thus, in the three-yeai period successful 
results were obtained in 63 6 per cent of the 1 1 cases in the determinate 
group (Table I) 

End Results Aftei Fwe Yeajs 01 Mote — In the group of 12 cases observed 
for five years or more, there were two cases m the indeterminate group and 
ten cases in the determinate group In the five-year period, successful results 
weie obtained in 60 per cent of the ten cases of the determinate group (Table 
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I) In one case which was illustiated in a previous article- the patient has 
remained free of cancel foi eleven years 

Effect of Size of Lesion on Prognosis — As was to be expected the rate 
of cure was greater for the smaller lesions than for the large (Table II) Thus, 
while 100 per cent of the lesions under 4 cm in diameter weie cured, only 
50 per cent of the lesions ovei 4 cm in diameter were cured However, it is 
not the lesion’s extensiveness pei se that reduces the curability of parotid 
caicinomas, but it is the increased chance of metastasis or involvement of vital 
structuies that impaiis the prognosis of patients with lesions of large size 
Thus, m this series in uhich there were four unsuccessfully treated patients 
theie were two failures due to the development of metastases, one failure due 
to extremely extensive permeation along the perineural lymphatics and one 
opeiative death resulting fiom pulmonary edema and bronchopneumonia in a 
patient who was in vei}' poor condition when theiapy of the extremely 
advanced parotid tumor was instituted Therefore if there has been no com- 
plication such as metastasis or involvement of vital structures, it is possible 
chemosurgicalh to excise er en the most extensive tumor 



Table II — Effect of Stce 

of Carcinoma of Parotid Gland 

on Prognosis 



Average 


Successful Results 



Diameter 

Number of • 



Group 

(cm ) 

Lesions 

Number Per Cent 


A 

Under 2 

0 



B 

2 to 4 

3 

3 100 


C 

4 to 6 

4 

2 SO 


D 

6 or more 

4 

2 50 


All groups 


11 

7 63 6 


Effect of Pievwus Tieatment on Prognosis In the group of eleven cases 
of carcinoma of the parotid gland in the determinate group, seven lesions (63 6 
per cent) had recurred^ after previous unsuccessful surgical excision or radiation 
therapy Although it would be expected that previous treatment would have 
an unfavorable influence upon prognosis, the opposite seemed to be true in 
this series of cases Thus, in the seven cases in which the patient had recur- 
rent caicmoma, the neoplasm was successfully treated with the chemosurgical 
technic in five (71 4 per cent) while in the four cases of patients with lesions 
which had not received previous treatment, successful results w ere obtained m 
only two (50 per cent) While too much significance should not be attached 
to the statistics in this small series of cases, it is evident that the chemosurgical 
method is particularly useful m the treatment of recurrent lesions because 
these would otherwise cany a very poor prognosis The only adverse influence 
previous unsuccessful treatment has upon the prognosis as far as chemosur- 
gical treatment is concerned is occasioned by the delay which alloM s metastasis 
and invasion of vital structures to occur 

Effect of Histologic Giade of Malignancy on Piognosis — Although there 
IS no generally accepted classification of carcinoma of the parotid gland into 
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well defined grades of malignancy, a definite impression was gained that prog- 
nosis IS strongly affected by the histologic degree of malignancy Thus, in a 
group which we have classified as “moderately invasive carcinoma” {eg , Fig 
4B) all four cases were successfully treated while in another group of four 
cases placed under the classification “highly invasive carcinoma” the rate of 
cure in the three-year peiiod was only 50 per cent The latter group includes 
the one squamous cell carcinoma in this series (Fig 4A) The remaining 
three cases were placed under the classification “moderately invasive carcinoma 
arising from a mixed tumor {eg, Fig 4C & D) and in this group the rate of 
cure was 33 3 per cent ” The unsuccessful treatment of two cases in this group 
is readily accounted for on the basis of the extremely extensive nature of the 
neoplasms rather than on their degree of malignancy The two unsuccessfully 



A B 

Fig s — (A) Benign mixed tumor of the parotid gland of eight years' duration 
(B) Healed lesion The lack of paralvsis is evident There has been no recurrence 0 
the tumor after nine years 

treated cases in the group of highly invasive carcinomas had unfortunate out- 
comes because of metastasis in one and because of widespread invasion of the 
perineural lymphatics in the other The successfull> treated case in this group 
was a deep-seated carcinoma with ceivical metastasis, the patient was well 
five years after chemosurgical removal of the primary lesion followed by 
surgical dissection of the cervical nodes 

Effect of Site of Origin on Prognosis — The site of origin of the carcinoma 
had relatively little effect on the prognosis Thus in the eight cases arising m 
the retromandibular area, five were successfully treated (62 5 per cent) while 
in the group of three cases which arose in the preauncular region, successful 
results were attained in two (66 6 per cent) 

Effect of Metastasis on Prognosis — Since no metastatic nodes were noticed 
on the first visit in any of the patients in this series no definite data is available 
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regarding the effect of initially diagnosed metastasis on prognosis In three 
cases metastases were noticed some time after the initial treatment of the 
primary carcinoma In one case an upper cervical mass was noticed three 
months after treatment of the primal y lesion, but the patient refused lympha- 
denectomy and went to a faith healer When she returned in six months the 
mass was inoperable, so loentgen ray treatments were given for palliation In 
a second case the cervical metastasis was noticed six months after removal of 
the primary lesion, but a neck dissection was not recommended because of 
advanced age and poor general condition , palliative roentgen ray therapy was 
given In a third case, metastasis had developed when the patient returned for 
belated checkup after eighteen months Though the original carcinoma was 
m the preauricular region a new mass had appeared in the postauricular region 



ABC 
Fig 6— (A) Benign mixed tumor of the parotid gland of 28 years’ duration It had 
been excised twice and the patient had received one course of six roentgen treatments 
(B) Lesion after chemosurgical excision which required twenty-four days The final 
layer of fixed tissue had separated except for one area under the ear where a rather deep, 
unpredicted extension of the neoplasm had been followed out The protruding tissue in 
the lower part of the wound is normal submaxillary salivary gland tissue (C) Healed 
lesion showing absence of facial paralysis except for the unimportant mandibular branch 
There has been no evidence of recurrence after more than three years 


The latter was chemosurgically excised and the cervical nodes were excised 
by a member of the surgical staff There was no evidence of recurrence after 
five years 

THERAPEUTIC RESULTS IN MIXED TUMOR OF THE PAROTID GLAND 
Inasmuch as surgical excision of benign mixed tumors of the parotid gland 
IS a fairly reliable procedure, most of the patients who entered this hospital 
with this condition were treated surgically rather than chemosurgically For 
that reason this series includes the cases of only four patients who were chemo- 
surgically treated Successful results were attained m all four of these cases 
in the three-year period In the five-year period there were two cases, and m 
both successful results were obtained None of the patients had been previously 
treated Two of the tumors were of large size (Figs 5 and 6) while two were 
somewhat smaller with average diameters of 57 mm and of 30 mm Facial 
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nerve paralysis developed as a result of chemosurgical treatment in only one 
of the four patients (Fig 6) and in this case it was the unimportant man- 
dibular branch which was interrupted 

DISCUSSION 

The chief advantage of the chemosurgical treatment of carcinoma of the 
parotid gland is the increased reliability which is attained by virtue of the 
systematic microscopic control of excision The therapeutic results compare 
very favorably with those attained in other clinics by the use of ordinary 
surgical, electrosurgical and radiation technics (Table III) There is probably 
some degree of discrepancy in the comparison of the results reported from 
the various clinics because of differences in histologic interpretation Thus, 
some workers consider almost all parotid tumois to be at least potentially 


Table III — Comparison of the End ResuUs of Chemosurgical Treatment of Carcinoma 
of the Parotid Gland zvith the End-Results of Other Ti eatnients after Observation for 

Thtcc Years or More 

Author 

Number of 
Determinate 

Treatment Cases 

Successful Results 

Number 

Per Cent 

Mohs 

Chemosurgey 

11 

7 

63 6 

Ahlbom'2 

Surgery plus radium 

81* 

27 

33 3 

Swmton and Warren'* 

Surgery 

6 

2 

33 3 

Quattlebaum Dnckerty 

Surgery (plus roentgen therapy 




and Mayo" 

in some) 

19t 

6 

31 6 

Martin'* 

Surgery (plus radium m some) 

13 

2 

15 1 

Stein and Geschickter'* 

Surgery 

21 

3 

14 3 

Benedict and Meigs" 

Surgery 

30 

1 

3 3 

Wakeley '* 

Surgery 

12 

0 

0 

lanes'* 

Surgery 

2 

0 

0* 

Martin'* 

Radiation 

6 

0 

0 


* Both the malignant and semimahgnant neoplasms are included 
t Adenocarcinomas of cylindroma t> pe onl> 


malignant, and therefoie classify them all as carcinoma Others consider only 
the highly anaplastic and actively invasive neoplasms to be carcinoma and 
classify the rest as mixed tumors Some, Ahlbom^- for example, take a middle 
stand and maintain that there are numeious borderline types which are not 
clearly benign or clearly malignant and which may be classified as semi-malig 
nant I find the last position is most consistent with my experience, and I feel 
that these “semi-malignant” tumors may justifiably be placed in the malignant 
group Therefore, in the present series the neoplasms are consideied malignant 
if they have definite infiltrative chai acteristics While most of the cases e 
quite distinctly into either the benign oi malignant group, there were three 
carcinomas derived from mixed tumors, which might be classi led as semi 
malignant (e^ , Fig 4C & D) Since in two of these possibly doubtful cases 
unsuccessful results were obtained, there would be an increase In the rate of 
cure rather than a decrease if these cases were omitted from the series of 
malignant lesions 
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Next to reliability the advantage of conseivatism is most important Since 
only I or 2 mm beyond the level of neoplastic extension at any given point 
need be destioyed by the chemosui gical technic, it is possible to pieserve a 
maximum amount of normal tissue This is particularly impoitant in regard 
to the facial nerve In the present senes of rather extensive carcinomas of the 
paiotid gland, it seems likely that radical sui gical extirpation would have 
produced complete facial paralysis m every case By the use of the chemosur- 
gical technic, however, it was possible to preserve the entire nerve in one case 
and to preserve part of the nerve in foui otheis In three cases there was 



Fig 7 — Sections of mixed tumors of the parotid gland after fixation tn situ <by 
zinc chloride (A) Tumor from patient shown m Fig s (B) Tumor from patient 
shown in Fig 6 


initial paralysis from previous treatment or from carcinomatous invasion Less 
paralysis was encountered in the treatment of neoplasms in the lower retro- 
mandibular region than m the tieatment of lesions in the preauricular region 
However, one preauricular carcinoma was chemosurgically excised with paral- 
ysis of only the branches to the eyelid and forehead (Fig 3) In three cases 
there was some return of nerve function after paralysis for periods of from 
one week to two years 

Both the reliability and conservatism exhibited by the chemosurgical treat- 
ment of carcinoma of the parotid gland are the results of the microscopic con- 
trol which the technic provides This microscopic control is needed because 
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most carcinomas of the parotid gland tend to send out grossly invisible exten- 
sions into the surrounding tissues Thus, in this series, there were three neo- 
plasms which had a strong tendency to follow the perineural lymphatics, in 
one case, the cancer cells extended in these structures for fully 5 cm beyond 
the confines of the mam tumor mass In several cases the carcinoma followed 
for some distance along the perichondrium of the cartilages of the external 
auditory canal In none of the cases of this series was the carcinoma limited 
to the parotid gland itself Many of the extensions were so slender or the 
cancer cells were so intimately interspersed between the normal cells, that it 
was impossible to locate and remove them with any degree of accuracy without 
the microscopic control afforded b)’^ the chemosurgical method I believe that 
the unpredictability of these outgrowths is the chief cause of the poor results 
obtained with radical surgical extirpation of the parotid gland In retrospect 
it is clear that in evtry case of carcinoma in this series, the neoplasm extended 
in such a way that removal of the parotid gland alone would not have resulted 
in a cure 

Besides the advantages of reliability and conservatism, the low operative 
mortality is also an advantageous feature of the chemosurgical method Thus, 
in this series there was only one death during the course of treatment In that 
case the presence of an extremely extensive neoplasm m a patient who was in 
very poor general physical condition constituted a situation that led to fatal 
pulmonary edema and bronchopneumonia 

The chemosurgical technic is not without some disadvantages The multiple 
stages required for the chemosuigical excision of an advanced neoplasm of the 
parotid are somewhat time-consuming for the opeiator and painful for the 
patient Howevei, since these advanced neoplasms probably would be fatal 
otherwise, these disadvantages seem relatively insignificant Another disad- 
vantage IS that special training and constant practice with the technic are essen- 
tial for the best results and a special clinic with provisions for the preparation 
of frozen sections of an unusual kind^” is required 

STJMRIABY AND CONCIitTSlONS 

The chemosurgical technic as used in the excision of tumors of the parotid 
gland is described and the therapeutic results in a senes of thirteen carcinomas 
and four benign mixed tumors of the parotid gland are analyzed The rates of 
cure in the series of patients with carcinoma of the parotid gland were 63 6 
per cent in the three-year period and 60 per cent in the five-year period of 
observation 

All of the patients with benign mixed tumor of the parotid gland were suc- 
cessfully treated , there were foui in the three-year period and two in the five- 
year period of observation 

The unprecedented reliability and conservatism of the chemosurgical 
method of excision are the results of the microscopic control which makes it 
possible to accurately follow out the “silent” outgrowths from the mam 
tumor mass 
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FROM THE DEPARTMENT OF SURGERY. WAYNE COUNTY GENERAL HOSPITAL 

Resections or various portions of the sternum have been reported upon 
several occasions The effects upon the cardiorespiratory systems that^ac 

rmTaThrlil" 7 portion of the thoracic wall has 

mited the indications for its removal to malignant diseases affecting it In 

p viously reported cases, malignant diseases of the sternum requiring resec- 

lerons m ^ 7 Pnmarily within it ^ pew metastatic 

lesions m the sternum have been surgically removed ^ Macey and Phalen/ in 

ca^ciUnfp of the sternum secondary to primary pulmonary adeno- 

carcmomas, suggest that an attempt should be made to remove such lesions 
If they have not extended too widely The usual contraindication is the pres- 
ence of other osseous or pulmonary metastases 

t IS the purpose of this report to describe the successful removal of a 
steinum metastatic from a previously removed carci- 
nf fh, breast, and the use of a large tantalum plate to restore immobility 
of this portion of the thoracic wall 

a ^ ^ ^S-year-old white female, was admitted July 6, 1945, with 

mation was nni- weeks’ duration Her history and physical e\am- 

She was suhi oentgenograms of her chest and spine showed no metastases 

thickness skin ° ^ radical mastectomy on July to, 1945 Subsequent split- 
toloHic psatn + the defect over her anterior thoracic wall His- 

infiltraunp- ^ ^*^sion showed a sciirhus and medullary adenocarcinoma 

node metastases could be demonstrated 

in the midliiiP anuary 13, 1948, revealed a 3 x 2 x 1 cm hard, fixed tumor situated 

spine showed nrSebstesef J^°^"tgenograms of her chest and 

cell Hoe as in tl t ^ biopsy of the tumor showed adenocarcinoma of the same 

Ope) aiion O lesion Laboratory examinations demonstrated a mild anemia 

anesthesia anuary 31, 1948, under endotracheal nitrous oxide, oxygen, ether 

down to the xinir^d^” niade over the medial one-half of each clavicle and mferiorly 
bnum (Fig i the tumor, which was located over the manu- 

cartilages down nLrlv tn reflected upon either side exposing all the costal 

the claTide upon either c ^ process following a subperiosteal dissection of 

junction of the middle ^ clavicles were divided at the 

right were then exn one-lhird The first, second, and third ribs upon the 

internal mammary Penosteally and divided at the costochondral junction The 

The loose fat and are 1 kgated and divided m the first interspace 

from the under surface anterior mediastinum was then carefully dissected 

the third interspace unnn "was divided obliquely, through its body, from 

cavities were opened and ^ interspace upon the left Both pleura! 

Following division of tb carried on with intermittent positive pressure 

c rst and second ribs upon the left, the lesion was removed 

* ■ 
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Fig I — Diagram showing amount and location of the resected 
portion of the steinum and tantalum plate fixed in position 



Fig 2 — Longitudinal and frontal views of removed specimen after 
fixation in formalin In the longitudinal view the lesion can be seen to extend 
completely through the sternum 
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together with the proximal one-thiid of each clavicle, all of the manubnum, and approxi- 
mately one-half of the body of the sternum (Figs i and 2) The internal mammary 
vessels upon the left were divided and ligated The rent in the pleura on the left side was 
easily closed with interrupted fine cotton sutures The pleural defect upon the right, 
however, could not be closed in this manner Accordmglv, a laige square of fascia lata 
was obtained from the right thigh, and sutured securely over the entire exposed anterior 
superior mediastinum, thus closing the right pleural defect An intercostal catheter was 



Fig 3 — Roentgenogram made fourteen weeks following operation 
showing tantalum plate in position 

left in place m the fourth interspace upon the right A large tantalum plate, 12 2 cm 
wide, 14 o cm long, and 0 0375 cm (o 015 inch) thick was fashioned to fit the bony defect 
Each upper corner of the plate was mortised into the end of the first rib upon either side 
Similarly, it was wedged into the second nb, but in addition was wired into place, using 
fine tantalum wire A third wire fixed the bottom of the plate into the obliquely cut body 
of the sternum (Fig i) The plate, thus, seemed quite secure The sternocleidomastoid 
and the sternal attachments of the ribbon muscles of the neck were sutured to the upper 
aspect of the pectoralis major upon the left, and to the subcutaneous tissue upon the right 
Because of the defect in the skin, occasioned by excision of the skin overlying the tumor, 
It was necessary to rotate a flap of skin and subcutaneous tissue from the left side The 
skin and subcutaneous tissue was closed in two layers with fine No 60 cotton. Penrose 
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drams were left under the skin for 48 hours The patient received 1500 cc of whole blood 
during the procedure 

Postoperative Course Her convalescence was quite uneventful Small hematomata 
were aspirated from beneath the skin occasionally for three weeks, following which the 
wound appeared to be well healed with no evidence of an accumulation of serum or blood 
beneath the skin or plate Forcible respiration does not buckle the plate At the date of 
this writing, the plate remains securely m place eight months after operation, and causes 
no discomfort to the patient There is no evidence of other local or distant metastases 

Comment The surgical removal of metastatic caicinoma anywhere in the 
body must be considered a palliative procedure Occasionally, however, such 
lesions appear to be unaccompanied by similar ones and the patient may sur- 
vive for many years ® However, the prediction cannot be made that such a 
fortunate recovery will occur in any specific instance The selection of cases 



A B 


Fig 4 — A Before operation showing site of metastatic lesion B Photograph taken 
approximately five months after operation 

for removal of isolated metastases can only be made after determining that 
a) the general condition of the patient is good, b) there is no evidence of other 
metastases in the same or other systems, and that c) the lesion can be com- 
pletely removed by a procedure unaccompanied by a prohibitive mortality 
Tantalum, a metal proven to be inert in human tissues, has recently re- 
ceived attention in the repair of bony defects, chiefly in the skull In 
addition, it has been used as wire, wire mesh, and tubes for arterial anastomoses 
Paulson"^ has used tantalum plates to cover chest wall defects but abandoned 
the method because of difficulty encountered m immobilizing the plate on a 
constantly moving structure such as the thorax Griswold,^ in 1947, reported 
the successful temporary use of a tantalum plate as a prosthesis following 
resection of the body of the sternum for an osteochondrosarcoma He found it 
necessary to remove it approximately two and one-half months later because 
of recurring hematomata Griswold concluded that the method was a satis- 
factory procedure for a temporary readjustment period following operation 
A review of some anatomic facts may explain the successful use of the tan- 
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talum plate in the case i eported i There is no motion between the first rib and 
the manubrium for a joint does not exist at this point 2 The second to the 
seventh ribs, inclusive, articulate directly with the sternum by means of true 
joints lined with synovial membranes 3 The seventh to the ninth ribs move 
between each other by means of interchondral articulations, but are anchored 
to the sternum through the sixth and seventh costal cartilages Thus, it is 
seen that the lemoval of the upper one-half of the sternum requires the sacrifice 
of only a few joints (in the case reported, three) and fixation of the ribs and 
sternum to a metal plate is correspondingly easier On the other hand, the 
substitution of a metal plate for the lower one-half of the sternum requires it to 
be an anchoring post for twelve or fourteen ribs Complications incident to 
motion of so many ribs upon a metal plate are easily understood Such a plate 
substituting for a portion of the sternum should probably then be limited to 
the superior portion of this structure, unless it is to be used, as Griswold sug- 
gests, as a prosthesis for a temporary postoperative period of readjustment 

SUMMARY 

1 Resection of the sternum for metastatic carcinoma in carefully selected 
cases IS a feasible procedure 

2 The use of a tantalum plate as a pei manent prosthesis is more likely to 
be successful as a substitution for the upper one-half of the sternum than for 
the lower one-half 

3 A case is reported in which such a procedure was successfully accom- 
plished 

Addendum Since this article was submitted for publication, this patient has been seen 
monthly in the Out-Patient Department She was hospitalized for 12 days during October, 
1948, at which time a small two-inch full thickness flap of skin and subcutaneous tissue 
was rotated over the right edge of the plate She was last seen January 25, 1949, one year 
after operation, at which time there was no evidence of recurrence or metastases and the 
prosthesis was solidly in place 
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Hypernephroma metastatic to the thyroid gland is so rare that only 20 
cases are reported in the literature up to 1947 Linton et aP- in 1946, in an 
extensive review of the literature, found only 15 proven cases and added one 
of their own In 1947 Boys” also reviewed the literature, found 15 cases and 
added a case repoit Each of these authors in his review found leported cases 
not mentioned by the othei A summary of these reviews is presented in 
Table I 

CASE REPORT 

L E , a man aged 48 years, was admitted to Albany Hospital on April 7 1942, with 
a chief complaint of fatigability, weight loss and the presence of a lump in the neck of 
5 months’ duration 

About 5 months before admission the patient first noted a lump in the front of his 
neck which had not noticeably changed in size During this time he experienced increasing 
fatigability and listlessness In the few weeks prior to admission he became completely 
exhausted each day within one hour after arising in the morning Although his appetite 
remained unchanged he lost 20 pounds in weight He had increasing bouts of palpitation 
unassociated with dyspnea or ankle edema Although considered a nervous individual he 
did not complain of any change in this respect but did admit being more easily upset He 
perspired freely but did not like cold weather Review of systems disclosed no abnormali- 
ties other than the presence of nocturia 3 times per night 

The past history revealed that 8 years previously, on May 18, 1934, he had a right 
nephrectomy A tumor in the right kidney was reported by the pathologist to have been 
a hypernephroma During his convalescence a course of deep roentgen-ray therapy was 
given m another city This treatment caused transient fatigue and low back pain 
Roentgenograms of the spine and of the pelvis in 1935 revealed no metastases For one 
year after nephrectomy the patient complained of urinary frequency and burning Eighteen 
months after operation, the patient was symptom free, had gamed weight and felt com- 
pletely well He was checked in the Out-Patient Clinic ever}-- 6 months for 2 years and 
once a year up to May 10, 1941 There were no further complaints until onset of symp- 
toms 5 months before second admission 

There was no family history of goiter, diabetes, nor tuberculosis 
The patient was a well-developed man with evident recent weight loss The tem- 
perature was 97®, pulse 100, respirations 22, and blood pressure 104/68 The left pupil 
was slightly larger than the right but both reacted to light and on accommodation The 
extraoc ular movements were normal There was no exophthalmos nor widening of the 

* Submitted ,for publication, November, 1948 
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palpebral fissures The trachea and larynx were deviated to the left by a visible mass in 
the right side of the neck The right lobe of the thyroid gland was enlarged, nodular, 
and contained one, large, particularly hard nodule at the lower pole The left lobe was 
slightly enlarged but not otherwise remarkable The large nodule in the right lobe moved 
freely on deglutition There was no thrill nor bruit 

The lungs were clear to percussion and on auscultation The heart was not remarkable 
except for a few extra systoles There was a well healed nephrectomy scar in the right 
flank The liver was percussed 3 fingers below the costal margin 

A roentgenogram of the chest revealed no evidence of metastases to lungs , the heart 
was slightly enlarged Hemoglobin was 17 Gm, rea blood cells 663 million, color index 
9, white blood cells 9,700 with 76 polys, i basophil, 20 lymphocytes, 3 monocytes Plate- 
lets appeared normal Urmalvsis revealed no abnormality Blood Wassermann negative 
Diagnosis — Non-toxic nodular goiter The possibility of a metastatic hypernephroma 
or other malignant lesion of the thyroid gland was considered 


Tabll I 



Year 

Number 



Author 

Reported 

of Cases 


1 

Lubarsch 

1894 

1 


2 

Kodzubowsht 

1904 

1 


3 

Barjon and Janitot 

1912 

1 


4 

Rost 

1912 

1 


s 

Pistocchi 

1922 

1 


6 

de Quervain 

1924 

1 


7 

Klose 

1925 

2 


8 

Kolodny 

1926 

1* 


9 

Willis 

1931 

1 


10 

Pemberton and Bennett 

1934 

2 


11 

Caylor and Caylor 

1936 

1 


12 

H Doubler 

1936 

2 


13 

Weiskittel 

1937 

1 


14 

Tey and Truffert 

1938 

1 


15 

Welti and Huguenin 

1939 

1 


16 

Long and Black 

1945 

1 


17 

Linton et al 

1946 

1 


18 

Boys 

1947 

1 



* Questioned by Linton 


On April 9, 1942, subtotal thyroidectomy was performed Anesthesia was novocaine 
infiltration, supplemented by nitrous oxide and oxygen inhalation anesthesia The thyroid 
was exposed through a low collar incision with midliiie division of the pretrachea 
muscles The right lobe of the th3'i oid was first elevated into the incision and found to be 
the site of hypertrophy with multiple, small, adenomata The superior pole lay posterior 
to the trachea The nodular masses were removed bv resection of the right lobe and the 
capsule was closed The left lobe was found to be the site of a similar change and the 
same procedure was carried out as on the right The vvound was closed without drainage 
The patient withstood the ooeiation well and made an uneventful recovery 

Dr A W Wright, head of the Department of Pathologv, gave the following report 
on the tissue excised 

Gross Description The specimen consists of one large and four small masses of 
thyroid gland which weigh together 24 Gm All of the masses are composed of dark 
reddish, typical thyroid tissue wdnch is somewhat nodular with moderate amounts of colloid 
The largest mass contains, in addition, a fairly large, well outlined, pinkish-yellow, so t, 
homogeneous nodule which stands out from the adjacent thyroid tissue Other smaller but 
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Fig r — Metastatic clear cell carcinoma of kidney origin occurring in 

thyroid gland 



Fig 2 - Primary clear cell carcinoma occurring in right kidney 
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otherwise similar nodules are present elsewhere in the largest thyroid mass and in most 
of the smaller ones 

Miaoscopic Desatpiwn Sections from this thyroid gland (Fig i) show an 
adenomatous colloid goiter which is composed of small and large acinar groups, all of 
which contain colloid The lining epithelium is generally low or flat 

In one section a totally different type of lesion is present It is a fairly large, well 
outlined focus of neoplastic epithelial tissue which is composed of atypical cells growing in 
cord-like or alveolar fashion, often with lumens In the latter situations the cells are 
oval or polyhedral in shape with distinct thin cell membranes and clear cytoplasm 
Indeed, they appear to be little more than an empty space surrounded by a cell membrane 
Each cell contains a dense spherical hypcrchromatic nucleus which is centrally located, 
suspended, as it were, in an empty sac Several large venous channels, into one of which 
a small tongue of tumor tissue projects, are present About the periphery of the neoplastic 
focus there is a narrow, partially hyalimzed, fibrous capsule which encircles part of the 
growth This tumor is not characteristic of any primary thyroid carcinoma Because of 
its strong resemblance to a primary renal carcinoma it is considered to be a metastatic 
clear cell carcinoma of renal origin 

Re-examination of the sections of the kidnej' (Fig 2) removed surgically from this 
patient m 1934 discloses the presence m that organ of a typical primary clear cell carci- 
noma The neoplastic cells have clear cytoplasm, thin, distinct cell membranes, centrally 
placed hyperchromatic nuclei, and grow in cord-like or tubular fashion The cells of the 
thyroid tumor resemble these 1 enal carcinoma cells so strikingly that the present nodules 
in the thyroid are undoubtedly metastases from the primary renal growth 

Subsequent Couise According to information received from the family physician, a 
growth as large as two fists appeared in the left side of the abdomen Shortly after the 
appearance of this abdominal mass, death occurred. May 19, I943> ^3 months after 
thyroidectomy and nine j'ears after removal of the kidnev tumor Permission for post- 
mortem examination was denied 


r wsctrssioN 

The case leported is one of six now in the hteiatuie in which metastatic 
hypernephroma appeared in the thyroid gland several years after nephrectomy 
for renal carcinoma The metastatic nature of the thyroid lesions was, m each 
instance, discovered 7 to 13 years after removal of the renal tumor In the 
case presented by Linton et al^ the presence of hypernephroma in the remain- 
ing kidney at the time of thyroidectomy makes the piimary source of the 
metastasis doubtful but in the other five cases the source could only have been 
the original hypei nephroma 

Many of the cases repoited were found only on neci opsy Since the thyroid 
gland is not routinely removed at many autopsies, it is reasonable to assume 
that more cases of metastasis to the thyroid gland from renal carcinoma have 
occurred than have been repoited 

Because of the limited nunibei of cases reported, no conclusions can be 
drawn However, a metastatic hypernephroma must be seriously considered 
in those patients who develop a goiter follow ing a diagnosis of hypernephroma 
Since such metastases are knowm to have occurred as late as 13 years after 
excision of the original renal tunioi, not even the passage of many years follow- 
mg the primary operation should rule out the possibility of such a diagnosis 
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STOiaiARY 

A detailed case report of metastatic hypernephi oma to the thyroid gland is 
presented and 20 cases found m the literature tabulated 

BIBLIOGRAPHY 

^ Linton, R R , J D Barney, N D Moorman and J Lerman Metastatic Hyperne- 
phroma of Thyroid Gland Surg , Gynec and Obst , 83 493-498, 1946 
~ Boys, Charles E Hypei nephroma of Thyroid Gland J Internat Coll Surg, 10 
323-328, 1947 

3 Lubarsch, O Beitrage zur Histologic der von den Nebennierenkeimen ausgehenden 
nierengeschwulste Virchow’s Arch, 135 145-223, 1894 Cited by Klose 
* Kodzubowski Beitrage zur Lehr von den Hypemephroman Inaugural Dissertation 
Zurich, 1904 Cited by Klose 

5 Baryion et Japtat Deuz observations du cancer du rein a evolution latente Lyon 
med, 1912 Cited by Klose ‘ 

® Rost, F Zur differential diagnose von pnmaren Knochenendotheliom und Hyperne- 
phrommetastase nebst Beitrag zur Histogenese der Grawitz-Tumoren Virchow’s 
Arch f path Anat , 208 53, 1912 Cited by H’Doubler 
^ Pistocchi, G Ipernefrom a suprrenale bilaterale con metastasi tiroidee Turnon, g 
135-160, 1922-1923 

s de Quervain, F Goiter A Contribution to the Study of the Pathology and Treatment 
of the Diseases of the Thyroid Gland Trans by J Snowman, London, J Bale, Sons 
and Danielson 247, 1924 

® Klose, H Morbus Basedow durch sekundare tumoren der Schilddruse Beobach 
tungen bei hypernephrommetastasen m der Schilddruse Arch f Klin Chir, 134 

435^456, 1925 

10 Kolodny, A Hypernephroma of Thyroid Gland with Clinical Picture of Exophthalmic 

Goiter Arch Path , i 37-40, 1926 

Willis, Rupert A Metastatic Tumours in Thyreoid Gland Am J Path , 7 187-208, 

1931 

12 Pemberton, J de J , and R J Bennett Hypernephroma of Thyroid Gland , Review of 

Literature and Report ot 2 Cases Surg Clin North Amer , 14 593-599, 1934 

13 H’Doubler, F T Medical Papers, Christian Birthday Volume Baltimore, Waverl> 

Press, 1936 Metastases of Hypernephroma to Thyroid Report of 2 Cases with 
Review of Literature 

1^ Caylor, H D, and T E Ca3dor Bizarre metastasis from Hypernephroma, Report of 
a Case Urol and Cutan Rev , 40 576-577, 1936 
15 Weiskittel, R J Hypernephroma of Thyroid Gland J Med , 17 562, 1937 
15 Fey, B , and P Truffert Tumeur du rein Metastase thyroidienne renale seize ans 
apres I’enucleation d’un goitre Mem Acad de Chir , 64 448-453, 1938 

11 Welti, H , and R Huguenin Malignant Tumors of Thyroid Gland West J Surg , 

47 10-22, 1939 

18 Long, G C, and B M Black Metastatic Hypernephroma of Thyroid Proc Staff 
Meet, Maylo Clinic, 20 43-48, 1945 


403 



RETROGRADE INTRAGASTRIC INTUSSUSCEPTION OF THE 
JEJUNUM FOLLOWING SUBTOTAL GASTRECTOMY* 

REPORT OF A CASE, APPARENTLY THE SECOND SUCH IN THE LITERATURE 

Allen E Grimes, M D , F A C S 

Lexikgton, Kentucky 

Retrograde intussusception of the jejunum following subtotal gastrec- 
tomy IS so rare as to be a medical curiosity A seaich of the literature reveals 
only one comparable case It was leported by McNamaia in 1944 

Case Report — JKW, white, male, age 55, was seen first on December 26, 194s 
His chief complaint was stomach trouble It began 18 years ago characterized by bloating 
and epigastric pain which was relieved by soda His first hemorrhage occurred 13 years 
ago, the vomitus had a coffee ground appearance and the stools were tarry for several 
days In recent months the patient experienced severe heart burn and often vomited 
small amounts of sour material with relief On November 16, 194S, he had a gastric 
hemorrhage and was given a transfusion of 1,000 cc of blood Pam and discomfort became 
more frequent after the hemorrhage, and was the reason for the patient entering the 
hospital Roentgenograms over a period of years, done in Lexington and elsewhere, 
revealed a duodenal ulcer In addition, during the past year the patient had nocturia 
3 to 4 times and some dribbling Eighteen years ago he had had a left inguinal hernia 
repaired and left orchidectomy, probably for an undescended testis There was a recur- 
rence of the hernia 6 years later Appendectomy had been done 17 years ago On 12-27-45, 
a subtotal gastrectomy was done by me for a recurrent, bleeding, chronic duodenal ulcer, 
and posterior Polya type of anastomosis was done Convalescence was uneventful 

The patient re-entered the hospital 4-12-48 on the urological service of Dr Douglas 
Scott, at which time his chief complaint was gradually increasing urinary frequency and 
difficulty in voiding Since his stomach operation, he had only an occasional episode of 
upset stomach with slight vomiting Urologic investigation revealed a bladder capacity of 
8 ounces without residual TheKUB was negatu e, B U N I9mg%, Rbc 46 million, 
Hgb 91%, urine negative On 4-15-48 at 8 35 a m the patient went to the operating 
room for a transurethral resection Spinal anesthetic was induced with 8 mg of procaine 
in glucose and spinal fluid between the 3rd and 4th lumbar vertebrae One-quarter cc of 
neosynephnn was given, hypodermically, at the same time The systolic B P ranged from 
110-124 — 92-112 during the operation A trilobar enlargement with ball-hke median lobe 
was found Twenty-seven grams of benign tissue was removed and a right vasectomy ivas 
done Before the opeiation was completed the patient became nauseated and retched 
violently several times Vomiting persisted at frequent intervals after the patient returned 
to his room The vomitus was at first dark reddish-brown and later appeared to be 
bloody This was accompanied by severe cramping pain localized to the U L Q It was 
not relieved by morphine, giam I saw the patient the following afternoon and exam- 
ined him at 4 p M He stated that since his stomach operation he had been relatively free 
from indigestion except for occasional nausea and vomiting of clear material and infrequent 
heart burn 

Examination revealed an acutely ill patient His skin was pale and clammy He was 
vomiting small amounts of dark bloody, odorous material at frequent intervals and com- 
plaining of severe cramping pains in the U L Q The temperature was 97 ° , the pulse 
was 90, regular and of good quality The B P was 108/88 The abdomen m this rather 

* Submitted for publication, October, 1948 
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thin man was scaphoid and soft with slight tenderness in the U L Q There was no rigidity, 
masses, or palpable organs Upper right rectus, lower right rectus and left inguinal scars 
were present with a hernia in the latter Clear urine was passing freely from the indwelling 
catheter The RBC was 49 million and the Hgb 91% Wangensteen suction was 
started and afforded the patient immediate relief Blood, glucose, vitamins and amigen 
were given intravenously For the next six days the patient continued to vomit at irregular 
intervals in spite of the indwelling intragastnc tube which was in place most of the time. 
The vomitus was always a dark, foul, bloody material The (R) temperature ranged from 
99» to ioo2 The pulse approximated no On 4-20-48 the leucocyte count was 18,100 
with 72 polys On 4-23-48 a barium meal was given which revealed a greatly dilated 



Fig I — Postmortem specimen shows the opened stomach with the intussuscepted jejunum 


stomach of which the distal half had been removed There was a deformity which sug- 
gested a penetrating ulcer at the junction of the jejunum with the stomach The 5-hour 
film showed go% gastric retention 

On 4-24-48 the patient’s condition became worse and an enterostomy was done under 
local anesthesia through a small upper left rectus incision Feedings of milk, custard and 
amigen were given through the tube at 2-hour intervals The patient’s condition was 
unimproved and vomiting continued On 4-27-48, in spite of four transfusions of 500 cc 
each of blood, the R B C was 3 4 million, the Hgb was 65%, the Wbc was 24,900 with 
84% polys At 5 30 p M the abdomen became very tender, rigid and distended in the 
upper one-half The pulse became weak and imperceptible, the skin cold and clammy and 
the patient died at 1 1 50 p ar 

Autopsy— The abdomen was somewhat distended On opening the peritoneal cavity 
there was found four or five hundred cc of turbid, coffee colored fluid Peritonitis 
extended from the pelvis to the under surface of the liver The stomach was greatly 
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enlarged and when palpated a rough, soft mass could be felt within the lumen The lower 
half of the stomach had been resected, and when the stomach was opened a large brownish 
black corrugated mass was seen A retrograde jejunogastric intussusception of the efferent 
portion of the jejunum had occurred through the gastrectomy stoma, making a cylindrical 
mass measuring 17 cm in length and from 6 to 8 cm in diameter The distal end was 
necrotic and dark in color The portion of the small intestine below the intussusception 
was grossly negative The site of the recent prostatic transurethral resection was not 
unusual 

Discussion — Intussusception is usually considered a disease of infants and 
young children In these age groups it is one of the most important surgical 
emergencies The process is often progressive and frequently without known 
cause In adults the condition is usually brought about by some mechanical 
abnormality In all age groups the direction of the intussusception is usually 
descending According to Baumann there is one ascending to 200 descending 
types In 1923 Diummond called attention to retrograde intussusception of the 
jejunum following gastro-jejunostomy'^ He reviewed the ii cases previously 
recorded in the literature, two in England, nine on the Continent, and added 
his case which made 12 in all His chief interest m the problem lay in the 
difficulty in explaining why it should occur in a few cases only and what steps 
could be taken in preventing it, or its relapsing as in the case of Baumann He 
thought that occasionally rapid emptying of acid gastric content into the 
jejunum might lesult in forcible antiperistaltic action The type of gastro- 
jejunostomy seemed to be of no consequence In the first 12 cases reviewed, 
five were the anterior type, five were posterior type and no mention was made 
of the type in two cases Enteroanastomosis had been done in five of the 12 
cases With the increasing popularity of gastro-jej unostomy in the treatment 
of peptic ulcer by 1935, Debenham was able to collect 35 cases of retrograde 
intussusception of the jejunum and added a case to the series He was sur- 
prised that this complication was not repoited until I917) although gastro- 
jejunostomy was fiist performed in 1881 In the lecorded cases the incident 
occurred from six days to 16 years after the original operation The length of 
involved segment varied from 4 cms to 2 metres and the type and size of the 
stoma apparently played no part in initiating the process 

Chesterman thought that the condition was of sufficient interest to warrant 
record by virtue of its rarity, the ease of diagnosis if its possibility is remem- 
bered, and the hopeless prognosis without early surgical intervention 

According to the collected reports the symptoms seem to follow a rather 
definite pattern Following at variable periods after gastro-jej unostomy there 
IS a sudden onset of cramp like upper abdominal pain which frequently doubles 
the patient up This is follorved by vomiting, first of food and bile and then 
bloody fluid As the pain and vomiting continue the patient’s skin becomes pale 
and clammv Rigidity and distention do not appear early, nor is tenderness 
constant The presence of a soft tumor in the upper abdomen has been 
in about one half of the reported cases Early surgical intervention with 
reduction of the intussusception 01 resection has yielded good results 
Sufficient interest has been aroused and attention focused on retrogra 
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jejunogastric intussusception so that each ^^ear finds new cases added to the 
increasing number recorded in the literature A very careful search, however, 
reveals hut one case comparable to the one I report In 1944, McNamara 
reported the first case of retiograde jejunogastric intussusception through a 
subtotal gastrectomy stoma So far as I can determine, the present case is the 
second such appearing m the literature The etiology is speculative However, 
since the onset was sudden and acute during an operative procedure one is 
inclined to carefully evaluate the anesthetic and the opeiation for contributing 
01 precipitating influence It is an accepted fact that patients receiving a spinal 
anesthetic may become nauseated and vomit A transurethral resection rarely, 
if ever, initiates vomiting I believe it more reasonable to attribute the vomiting 
in this patient to the anesthetic agent Since it was so violent it is most likely 
that it w^as the influence in precipitating the retrograde intussusception The 
repeated vomiting indicated a high obstruction, but the cause of the foul, bloody 
vomitus w^as erroneously deduced In view^ of the past history of gastric resec- 
tion for a bleeding ulcer and the subsequent, although mild recurrence of dys- 
pepsia, the condition was first attributed to an obstructing, bleeding, marginal 
ulcer Because of the high resection the remaining segment of stomach w'as 
beneath the thoracic cage and a tumor w^as never felt 

The explosiveness of the symptoms in the now' tw'o reported cases of 
retrograde jejunogastric intussusception through the gastric stoma are quite 
similar to the same process in the more frequently occurring intussusception 
follow'ing gastro-jej unostomy Characteristics are the sudden onset of severe 
cramping abdominal pain, persistent vomiting of bloody material, shock and in 
some cases the presence of a soft tumor in the upper abdomen If the condition 
IS knowm and its possibility is remembered the diagnosis should not be too 
difficult The prognosis is hopeless without early surgical intervention 
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WANDERING SPLEEN* 

BBPOET OF A CASE COMPLICATED BT A TRAEMATIC CYST 

M Lotfy Dowidar, M Ch (Cairo) 

LnCTURER ON SURGER\ EAROUK I UNIVERSITY ALEXANDRIA EGYPT 

Wandering spleen is very rare, as shown by statistics of a large 
number of splenic diseases published by various authors Whipple (1945)^^ 
reported a series of i ,437 cases of splenic diseases seen at the Combined Splenic 
Clinic of the Columbia Medical Center over a period of 10 years, the senes 
included about 20 different diseases of the spleen, but not a single case of 
wandering spleen Among 1,003 splenectomies done at the Mayo Clinic over 
a period of 40 years (1904-1945), wandering spleen was present in two cases 
only, and both occurred before 1934 Most of the reported cases were 
complicated by torsion of the splenic pedicle, and the following case is inter- 
esting as It shows the association of another complication, so far not reported 
in the literature, namely, traumatic subcapsular blood cyst 

CASE REPORT 

S S J , female, aged 5 1 years, married, had 2 children, was admitted to the Univer- 
sity Hospital, Alexandria, on Nov 11, 1946, complaining of a mobile swelling in the 
left side of the abdomen, continuous dragging pain in the region of the stomach, sense of 
distention, occasional attacks of vomiting following heavy meals by i or 2 hours, (the 
food being vomited unchanged) , and splashing sounds in the stomach after drinking water 
These symptoms were present for the last 4 months Five months before the date of 
admission, t e , one month before the onset of the present complaint, she was kicked in 
the left upper part of her abdomen by a donkey, the kick was so severe that the patient 
fell on her back, hit her head on the ground, lost consciousness, and was carried home 
She came around 2 hours later, and immediately after that she felt severe colicky pain at 
the site of the trauma associated with frequent vomiting, the first vomit contained red 
blood For the following 3 days the patient was m a semidrowsy state, and the vomiting 
and pain continued She was forced to stay at home m bed for 13 days, after which her 
condition improved gradually No signs of injury of the abdominal wall at the site of the 
trauma was noticed by the patient One month after the date of the accident she first 
noticed a small mobile swelling below the left costal margin, which was slightly tender to 
her touch The swelling gradually increased m size, and was associated with repeated 
attacks of localised pain which radiated to the left loin The dragging sensation and the 
gastric discomfort developed gradually The general health of the patient suffered as a 
result of restricting her diet so as to avoid the vomiting and the pain Nothing of impor- 
tance was found m her past history except that four years ago she developed an irregular 
fever which persisted for about one month, the fever subsided without medical treatment, 
and did not recur Aftei a short time she noticed ill-defined pains in the left hypochon- 
drium which passed off withm a few days She was quite normal up to the date of the 
accident The family history is of no special importance 

Physical Examination showed a moderately built and nourished female subject, with 
normal features, P 80, T 37, R 24, B P 150/ 100 The abdomen showed redundant 
and inelastic skin in the lower half, flabby and weak muscles, wide subcostal angle, and 
absence of dilated or var icose veins in the abdominal wall There was a swellin g easily 
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seen by inspection while the patient was standing, but better still when she was lying on 
her back The swelling occupied the left lumbar, lower part of left hypochondriac, and 
left part of umbilical regions , it was globular, 15 cms in diameter, cystic with free fluctua- 
tion, smooth on the surface, and with a definite contour On deep palpation, it was found 
that this cystic swelling overlay and was fixed to an enlarged spleen, the lower pole of 
which reached the left iliac fossa, while the rounded upper pole was felt below the left 
costal margin and was easily grasped by the hand The anterior border of the spleen was 
sharp, with two notches on it, while the posterior border was rounded, smooth, easily felt, 
and It was possible to lift the whole spleen up by insinuating the hand behind it The cyst 
and the spleen moved with respiration, and it was possible to move them together to the 
right side of the abdomen until they filled the right lumbar region, where they stayed for 
a while, then gradually returned to the left side This movement was painless When the 
patient lay on her right side the swelling fell beyond the middle line The spleen was 
movable down so far that its lower pole disappeared behind the symphysis pubis, but it was 
not possible to push it up beneath the costal margin as the cyst bulged very much 
anteriorly The cyst was slightly tender on deep pressure, dull on percussion, but loops of 
small intestine came m front of the spleen to surround the cyst, so the rest of the splenic 
surface was resonant The area of normal splenic dullness was absent A band of reso- 
nance was found between the upper pole of the spleen and the costal margin, and a similar 
area was detected between its posterior margin and the outer border of the left sacro- 
spmalis muscle The liver was firm, smooth, and its lower border felt 4 fingers below the 
xiphoid process, and the upper border was in the fifth intercostal space (1 e , the liver was 
not ptosed) The lower pole of the right kidney was palpable, and the rest of the 
abdomen was free It was evident that the spleen had altered its relations so that its 
diaphragmatic surface now faced antero-laterally, and its anterior and posterior margins 
faced medially and laterally respectively The case was diagnosed enlarged wandering 
spleen, with a traumatic subcapsular cyst on the diaphragmatic surface Splenectomy was 
decided upon 


Laboratory Data 

Urine acid, alb-}-, sugar — , pus cells++, Bilh ova-}- 
Stools positive for ascans ova 
Blood urea 38 mgs % 

U C T fasting before urea — 0 6 Gm % 

first hour 90 cc 08 ” 

second hour iiocc 10 ” 

third hour 100 c c 12 ” 

Blood picture Hb 70%, RBC 3,900,000 , W B C 5,400, (eos 7%, polym 
58%, mono 30%, bas 0%) negative for malaria 
W R neg 

Radiography Stone pelvis of left kidney, (this was found to have passed to the 
ureter after 6 months) 

No definite soft tissue shadow of the spleen, or of the cyst was seen in a 
plain roentgenogram of the abdomen No signs of calcification m the cyst 
Thorotrast injection was not done, nor a barium meal or enema 


Operation Dec 15, 1946, by Prof Abbas Hilmy 

Blood transfusion of 1,000 cc was given before the operation Under light percaine 
spinal anesthesia the abdomen was opened by a left upper paramedian incision On opening 
the peritoneum the anatomy of the condition was obvious The spleen was found in the 
centre of the abdominal cavity, its costal surface turned forward, and over it, near the 
lower pole, a big brown coloured cyst with smooth shining wall The cyst was tense and 
measured about 15 cms m diameter The surface of the spleen was smooth, and its 
upper pole lay well below the left costal margin No adhesions were attached to the 
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B 
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Fig I — Photograph of patient before operation A Splenic cyst in the 
state, the patient lying on her back B The spleen has been pushed to the right swe oi i 
abdomen, and the picture taken immediately after the hand was removed C Latera 
of the abdomen to show the bulging of the cyst anteriorly, it was not possible to pus 
spleen back under the costal margin 
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spleen, except for the thin stretched phrenico-splenic ligament, which was cut and the 
spleen easily delivered The splenic pedicle was long, thin and broad, and the tail of the 
pancreas was free from it The gastro-splemc ligament was longer than usual, and was 
cut between ligatures The mam pedicle was excised in sections between ligatures on the 
proximal side, and clamps on the splenic side After the spleen was removed with the 
clamps on, the ligatures on the pedicle were reinforced by another senes of similar ones 
The rest of the abdominal organs were inspected and were found normal except for the 
stomach which was dilated and ptosed, and the transverse colon which was unduly 



Fig 2 — Specimen of the spleen with the cyst on the lower part of the costal surface , 
the picture was taken after the spleen has been hardened m formalin, showing a relatne 
reduction in its size A Costal surface B Cut section 


mobile The stone in the left kidney was not dealt mth, and the abdomen was closed in 
the usual manner The removed spleen weighed 1,200 Gm , it was 25x15x15 cm in 
dimensions, the diameter of the cyst 15 cm , and contained about 300 cc of a thin brownish 
fluid The inside wall was full of fibrinous trabeculae 

The patient passed through a smooth uncomplicated postoperative course, and was 
discharged fit on the 12th day, with a good sound scar She was seen 2, and 16 months 
after the operation, was found to be in very good health, and her previous complaints 
completely disappeared 

Pathologic Repoit (By Prof Gazayerly) Spleen (after evacuation of blood and 
being hardened in formalin) weighs 750 Gm , there is a cyst about 7 cm , containing 
fibrin, and some blood The peripheral wall of the cyst is very thin and about i mm 
thickness but where it is attached to the spleen over an area of 8 cms the wall is thick 
(05 cm ) , and is made of greyish white fibrous tissue On section the splenic tissue is 
deeply congested and the Malpighian bodies are rather inconspicuous Microscopical 
examination showed that the white pulp is greatly encroached upon by the congested red 
pulp The sinuses of the red pulp are distended with blood The splenic arterioles show 
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marked thickening of their walls with hyaline degeneration The wall of the cyst is made 
of fibrous tissue The picture is consistent with Egyptian splenomegaly and a blood cyst 
It IS quite possible that the blood cyst has resulted from an organised hematoma 


COMMENT 

This case is interesting because it presents the two most uncommon condi- 
tions of the spleen, namely, the wandering state and cyst formation The 
enlargement is due to the condition called Egyptian splenomegaly, an endemic 
disease m Egypt, related etiologically and pathologically to bilharzial infection 
of the alimentary canal It is one type of congestive spleno- 

megaly due to bilharzial cirrhosis of the liver, the spleen as a result of portal 
congestion undeigoes considerable hypertrophy Such spleens always tend to 
get fixed in position by a process of perisplenitis giving rise in some cases to 
very dense adhesions between the spleen and the diaphragm During the 
operation of splenectomy these must be cut by the hand, scissors, or between 
clamps , some cases are even impossible to remove on account of a process of 
complete cohesion betw'een the spleen and its bed The condition usually 
remains silent until the spleen is so enlarged as to produce signs and symptoms 
due to Its mechanical effects The organ is usually fibrous and firm , rupture 
of Egyptian splenomegaly is therefore rare as compared with rupture of 
malarial spleens The enlargement in this case was associated with a good 
range of abnormal mobility which saved the spleen from a complete tear as a 
result of the comparatively severe kick, (a trauma which most probably would 
rupture a normal spleen, or more easily an enlarged fixed one) An anterior 
subcapsular rupture occurred which organised into a hematoma , wuthm four 
months this developed into a false blood cyst The stomach also suffered from 
the kick as evidenced by the hematemesis The resultant increase in w'eight of 
the spleen increased its range of mobility and started the various symptoms 
w^hich were mostly due to the mechanical dragging on the stomach It is ques- 
tionable whether the trauma had directly affected the mobility of the spleen 
by tearing its supporting ligaments 


DISCUSSION 

The normal spleen has a very limited range of mobility Fowler^ has 
studied this in many laparotomies, and found that the normal spleen has 
excursions not exceeding i inches The factors which keep it m its usual 
place in the upper abdomen are the general intra-abdominal pressure, and the 
various peritoneal reflections or ligaments which fix it to the surrounding 
structures The two chief and strong ones are the phrenico-splenic ligament 
(often not mentioned in anatomy books), and the leino-renal \vhich contains m 
between its two layers the pedicle of the spleen and the tail of the pancreas 
The others, namely, the gastro-splemc, splenico-colic, and phrenico-co ic 
ligaments are usually weak and inconstant in development The latter is, 
however, considered by some authors as the chief support, acting as a ham- 
mock over which the lower pole of the spleen rests, so often called the susten- 
taculum leinis Disturbance of this supporting mechanism will allow the spleen 

412 



Volume 129 
Number 3 


WANDERING SPLEEN 


to descend m its bed, and to acquire variable degrees of mobility in the abdom- 
inal cavity Congenital factors, as absence of the supporting ligaments, a 
long mesentery, or a very narrow upper abdomen, account for some cases ^ On 
the other hand, the majority of cases are due to acquired conditions, either 
increasing the weight of the spleen as m cases of splenomegaly, tumors or 
cysts , or reducing the intra-abdominal pressure, as after repeated pregnancies, 
or in visceroptosis The value of these several etiologic factors has been 
discussed by various authors, and more than one factor may be working in 
individual cases 

Clinically, the condition may be symptomless, and the spleen discovered 
accidentally in abnormal places in the abdominal cavity or pelvis In some 
cases, especially if the organ is enlarged, dragging on the stomach or transverse 
colon interferes with their motility or blood supply, and so produces various 
gastric or intestinal symptoms The majority of patients however seek surgical 
advice on account of the presence of associated complications Axial rotation 
of the spleen may occur leading to torsion of its pedicle, which may be acute, 
chronic or recurrent In acute torsion the pedicle may twist many 

times, occlusion of the splenic vessels will result, and if the spleen is not 
removed hemorrhagic infarction of all or part of the organ will occur A degen- 
erative cyst may develop as a later complication In severe cases the spleen 
will become gangrenous and if sepsis is superimposed a splenic abscess, local- 
ised or diffuse peritonitis will result The included tail of the pancreas may 
slough with the spleen ^ Associated acute intestinal obstruction may develop, 
in some cases due to inclusion of loops of small gut among the twists of the 
pedicle, in others due to adhesions and pressure of the twisted organ on the 
large gut , in still another group the spleen was already adherent to the pelvic 
colon, and when twist of the spleen occurred, a resultant volvulus of the pelvic 
colon developed Chronic or recurrent torsion will induce m the spleen 

a state of chronic venous congestion, leading to hypertrophy, perisplenic 
adhesions, or cyst formation The spleen in its wandering may become fixed in 
abnormal places as the pelvis, right or left iliac fossae, there it may enlarge, 
become impacted, or press on the surrounding viscera, as the sigmoid colon, 
uterus or bladder, and there produce symptoms referred to them 

The treatment of the condition is splenectomy, the old operations of spleno- 
pexy, or detorsion and splenopexy in cases of torsion have no place in modern 
surgical practice 

SUMMARY 

A case of an enlarged spleen showing excessive mobility is reported, the 
enlargement is secondary to Bilharzial cirrhosis of the liver which was early 
and of the fine type The condition was symptomless until the patient received 
a blow which caused a subcapsular rupture on the costal surface of the spleen, 
which later developed into a false^ blood cyst, and so, by adding to the weight 
of the spleen started to produce symptoms 

I wish to express my thanks to Prof Abbas Hiimy for hts kind advice and help, 
and for permission to publish this case 
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“Neuroanatomy,” by Fred A Mettler, MD, St Louis, C V Mosby Company, 
2nd Edition, 1948 $1000 

The 2nd Edition of this comprehensive textbook of neuroanatomy maintains the same 
general organization as the previous edition although some sections have been expanded, 
resulting in an increase to the text of 60 pages The material has again been divided 
into two sections, the first dealing with gross aspects of the nervous system and the second 
with microscopic anatomy 

The section on the gross aspects of the central nervous system is only slightly modified 
from the previous excellent presentation of general relationships New material has been 
added on the arterial supply and venous drainage of various portions of the neuraxis and 
the illustrations have been amplified This section is largely descriptive and serves as a 
very valuable orientation of the macroscopic form of the central nervous system for all 
tliose dealing with this field The excellent additions regaidmg the blood supply of the 
thalamus, basal ganglia and other structures are of great importance and the description 
of the relationship between the topography of the brain and that of the skull and extra- 
cranial structures continues to be \aluable from the clinical viewpoint 

The second half of the book deals with the microscopic anatomy of the central nervous 
system, starting with the spinal cord and ending with the cerebral cortex This material is 
profusely illustrated with drawings showing the mam fiber tracts accompanied by a similar 
drawing showing the cell populations at that same level This information is then sum- 
marized by various types of diagram which clarify the position and function of certain 
of the mam tracts and association systems The microscopic structure and function of the 
diencephalon are dealt with in great detail and this is supplemented by actual photomicro- 
graphs of sections of the thalamus which were not present in the previous edition The 
relation between the various thalamic nuclei and the various areas of the cerebral cortex 
are also described in some detail, this being based on work which is not as yet complete 
It might have been advantageous to summarize the known projections in text and diagram 
and omit some of this detail at the piesent time Throughout this second section of the 
book, there has been a strong effort to try and correlate function and structure which 
serves to increase the usefulness of the material 

In spite of the detail with which the corpus striatum and diencephalon are described, 
both as regards form and what is known of function, the cerebral cortex is covered in a 
very scanty section with no mention of the large volume of recent work which correlates 
function of the various cortical areas with their structure both in man and the experimental 
animal In addition, certain of the physiologic correlates of diencephalic structure and of 
the extrapyramidal system do not take into account a fairly large segment of recent work 
which would alter the emphasis which the author has placed on the quoted evidence 

This text continues to be one of the most complete in its field and, in spite of certain 
minor errors, represents an outstanding reference work Because of the mass of intricate 
detail presented, how'ever, its usefulness to clinicians is impaired 

Arthur A Ward, Jr , M D 

The Hospital Care of Neurosurgical Patients, 2nd Edition, by Wallace B Hamby, 
M D , FACS Springfield, 111 , Charles C Thomas, 1948 $3 00 

This little volume, which has recently come out as a second edition, should be a 
“must” on the reading list of all nurses engaged in the care of neurosurgical patients 
There is also much in it of profit to the average interne and resident involved in pre- and 
postoperative neurosurgical care The book is written m an easy, direct manner and, 
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while no attempt has been made to be complete to the last detail, all of the important points 
of pre- and postoperative care of neurosurgical patients are very adequately covered 
There is an especially good discussion on the relationships of the house officer to the 
patient, his relatives, and other members of the hospital staff, outside his immediate 
domain It is noteworthy that the author points out that Cushing obtained necropsies in 
over 90 per cent of his cases and that one of the major duties of all concerned with the 
neurosurgical patient is the absolute necessity of obtaining necropsies 

The author starts with a relatively simple review of the fundamentals of gross 
neuroanatomy and proceeds to describe all the minor procedures in neurosurgery from 
venipuncture to ventriculogram The paragraph on the technic and importance of cisternal 
puncture is particularly recommended There is a very adequate discussion of the 
importance of arteriography and the means and methods of performing the Matas Test 
and carotid obliteration, before considering any type of ligation of the carotid The author 
also elaborates on the use of catheters and the significance of good care of the genitouri- 
nary tract in neurosurgical patients, particularly those with spinal cord damage Two 
relatively minor omissions were first, the lack of discussion of the Penrose dram for 
adequately and simply controlling male micturition and second, the omission of the more 
modern method of the Munro set-up for tidal drainage, which obviates the use of much 
of the tubing and the old reservoir described by the author from the original Munro 
diagram of 1935 The discussion of the postoperative care of craniotomies and suboccipital 
craniectomies is particularly good in covering all the minute details so important to the 
young nurse and interne learning the “why’s and wherefore’s” of head dressings A 
questionable omission is the use of gloves for all neurosurgical dressings, which we feel 
has cut down the incidence of infection to some extent at least Although, in his intro- 
duction, Doctor Hamby stresses that he intends in no way to be specific concerning the 
Use of antibiotics, the small section of one and three-quarter pages devoted to wound 
infection appears somewhat brief, especially when frequent laboratory studies, with cell 
counts and bacterial sensitivities, play such a prominent part in infection of the central 
nervous system The frequency of lumbar puncture advised by Doctor Hamby is to be 
questioned somewhat and particularly its role in the immediate postoperative days follow- 
ing drainage of brain abscess However, this is a matter to be decided only by the chief 
of the clinic and assumes different importance in various centers The preoperative care 
of lobotomy is good, with much emphasis on the subsequent psychiatric care following 
operation while in the hospital Again, the significance of frequent notes by the nursing 
staff and adequate psjchotherapy are well stressed 

The size of this book and its readable print lend additional qualities to make it 
required reading for any group of students about to enter this specialized field The book 
IS completely indexed and the black and white illustrations by the author make all the 
procedures and anatomical points described readily understandable We feel that Doctor 
Hamby has very ably accomplished that which he set out to do, namely, to supply a 
useful handbook which would be readily available on the floor nurse’s desk for consulta- 
tion by all house officers and nurses Francis C Grant, MD 
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T he availability of inositol, a member of the vitamin B complex, 
follows many years of intensive laboratory and clinical investi- 
gation In the experimental onimal inositol has been shown to be 
intimately concerned with fat and lipoid metabolism It exerts a 
distinct lipotropic action on the liver and is capable of counteracting 
the influence of metabolic aberrations or of a disturbed dietary 
known to induce lipoid degeneration Inositol also has been shown 
to reduce the seventy of or prevent the development of atheroscle- 
rosis in animals fed a high cholesterol diet 

While the clinical applicability of inositol is not clearly defined 
at this writing, most of the investigators who have worked with this 
substance are unanimous in the thought that it holds great promise 
in the treatment of degenerative arterial processes, many hepofic 
disorders, and certain metabolic diseases 

Inositol-C S C IS available in 0 5 Gm capsules in bottles of 100 
A complete review of the literature on inositol and dosage recom- 
mendations arising therefrom are available to physicianson request 
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A PRELIMINARY REPORT ON THE ADVANTAGES OF A SMALL 
STOMA IN PARTIAL GASTRECTOMY FOR ULCER=^ 

Ry H W Portek and Z B Claiman 

Eoik-borgh, Scotlakd 

In the treatment or chronic peptic ulceration, it is now generally 
accepted that partial gastrectomy consistently gives the most satisfactory results 
Although the results on the u hole have been satisfactory, inasmuch as the pre- 
dominant s}miptom — pain — has been lelieved and the chances of stomal ulcer- 
ation greatly reduced, there is no doubt that gastiectomy has often left the 
patient with other less severe disabilities We feel that many of these can be 
almost completely eliminated by a minor modification in the t} pe of operation 
carried out 

ClaveF and many others believe that the most physiological type of gas- 
trectomy is the Hofmeister-Finsterer operation This operation has certain 
advantages attributable to the valve which is made to pi event regurgitation of 
food into the duodenum 

Many believe that the size of the stoma has no effect on the final results of 
the operation and this assumption is largel} based on the experimental work 
of Mehring and McCann ® 

Hofmeister recognized the danger of leakage occurring at the upper angle 
of the anastomosis of a full length gastro-jejunal stoma after sub-total gastrec- 
tomy, and in order to avoid this leakage and thus reduce his mortality rate, he 
advised the infolding of the upper end of the gastiic remnant for 2 or 3 cms 

Finsterer^ made the observation that unpleasant symptoms after gastrec- 
tomy often occurred as a result of the reflux of gastric contents into the afferent 
jejunal loop Wright® in 1929, described tw'o cases where barium could be seen 
entering the proximal duodenal loop, and both these cases complained of dis- 
comfort Ogilvie^ in 1947, stated that this reflux is the commonest cause of 
postoperative discomfort Finsteier’s early recognition of this cause of post- 
operative discomfort led him to advocate the closure of the upper part of the 
gastric remnant, so as to leave 10 cms of the lower end open The valve so 
formed was intended to prevent reflux into the afferent loop, m addition to 
making the anastomosis safer from leakage 

One of the authors (P) undertook to make the stoma much smaller than is 
usual in order to increase the emptying time 


* Submitted for publication, October, 1948 
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Since emptying time appears to have direct bearing on the clinical end 
lesults, as shown by Strauss® and others, we have carried out a series of cases 
making the stoma much smallei than is usual in an endeavour to delay emptying 
time Mehrmg in 1897, fiom experimental work wuth dogs, concluded that the 
pyloiic sphinctei does not control the emptying time of the stomach, and after 
Its removal the emptying time of the remnant is the same as that of the intact 
stomach Since then, others have repeated his experimental work, and con- 
firmed his results McCann® 1939, repeated this experiment and came to the 
same conclusions but added the important fact that the quantitative emptying 
time IS definitely affected, and showed that although the total emptying time 
remains the same after the removal of the pyloric sphincter, the quantitative 
emptying time is 1 educed In other words, the volume of the gastric residue 
30 minutes after a meal in the resected stomach, is much less than that in the 
intact stomach This lattei observation appears to have been ignored by most 
writers on the subject, wnth few' exceptions Shay and Gershon-Cohen® recog- 
nized this factoi, making a clear differentiation betw'een the total emptying 
time, in wdiich the pjloiic sphinctei plajs very little pait, and the quantitative 
emptying time, in wdiich the sphincter plajs a definite lole Thus theoretically, 
if a sphinctenc-hke action could be obtained at the gastrojejunal stoma, the like- 
lihood of a delayed quantitative emptying time should be increased, although 
the total emptying time might remain unaffected 

McCann® fi om experimental w ork on dogs in wdnch he 1 esected increasing 
amounts of stomach, connecting the gastric remnant to the small intestine, came 
to the conclusion that the size of the stoma had no relation to the emptjnng 
time of the gastric lemnant Ravelin” and others came to the conclusion that 
the new stoma, regardless of size, is not the reason for the rapid gastiic empty- 
ing By these statements, vaiious writers in the literature have confirmed the 
impression that the size of the stoma will not control the emptying time of the 
gastric remnant Recently Kennedy, Reynolds and Cantor^- have pointed out 
that the factor wduch controls emptying time of the stomach is not the size of the 
stoma but the size of the jejunal lumen This, how'ever, only applies when the 
size of the stoma is greater than the size of the jejunum, and also presumes 
that the stoma has no sphinctenc action 

Recognizing these facts, w'e have made a stoma 2 5 cni length in a senes 
of 1 18 sub-total gastrectomies for ulcer The indications for operation 
have been 

Repeated Pei foj atwns — 

1 — 30 cases 

2 — 7 cases 

4 — I case ■ — 38 

Hemoiihage — 

Acute Massive — 8 cases 
Multiple . — 9 cases — 17 

Faded Medical Treatment — 63 118 

and w'e have found the followung advantages 
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(1) The advantages of the Hofmetster-Fmstei er Valve 

(a) Decreased incidence of leakage at the uppei end of the anasto- 
mosis 

(b) Decreased incidence of leti ©grade influx into the proximal 
jejunal loop 

( 2 ) Bulging of the jcjunuin aftet food is prevented 



Fig I — A X-ray showing the bulging of the jejunum (J) 
opposite the wide anastomosis after a Polya gastrectomj 


Kennedy, Reynolds and Cantor, m a i eview of 90 cases of Polya type of 
gastrectomy, found a uniform roentgen ray finding of jejunal dilatation and 
show a post-mortem specimen drawing, which clearly indicates the jejunal 
dilatation that occurs with the wide gastio-jejunal type of stoma (Fig i) 
They say that this jejunal bulge prevents the patient from eating a normal 
volume of food and is one of the causes of postprandial discomfort — ^with this 
we are in full agreement This tendency to bulging was also recognized by 
Vitkin,' Gordon Taylor^® and others In our series, where 90 cases have been 
followed up radiologically, there uas no jejunal bulge in 84 cases, and only 
slight fullness in six In no instance u as the jejunal bulge present to the degree 
indicated by Kennedy^” et a! 
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( 5 ) The risk of postopei ative hemoirhage is diminished 
The source of hemorrhage after gastrectomy is from the cut edges of 
jejunum and stomach As the jejunum is only incised for a length of 2j4 cms 
the risk of hemorrhage is correspondingly reduced Allan and Welch^'^ in a 
series of 151 cases of gastrectomy with long stomas reported four fatal hemor- 
rhages Remhoff^^ reports 10 per cent of hemorrhage (non-fatal and fatal) 
occurring after a Polya type gastrectomy in 260 cases In this senes of 118 
cases, there has been no case of serious hemorrhage from the stoma , six cases 
had slight hemorrhage but these improved with conservative treatment 
( 4 ) Inci eased emptying time 

The normal stomach empties in hours using a water barium sulphate 

mixture It has been shown by Ravdin^^ that varying the solution will affect the 
emptying time Vitkm’^ states that the average emptying time after gastrec- 
tomy IS 20 minutes, and quotes various European authors who point out that 
the emptying time may be much less Shay and Gershon-Cohen® believe that 
the decrease in emptying time following gastrectomy is the direct result of 
achlorhydria They show that in no cases of gastric resection does the empty- 
ing time exceed 30 minutes Gilbert and Dunlop^® saj 
that it IS a well established fact that the gastric remnant 
empties quickly and that the rate of emptying is in- 
creased following a carbohydrate meal It is interesting 
to note that the intact achlorhydric stomach empties in 
15-90 minutes Strauss® and others reported 25 cases 
of gastrectomy in which 25 per cent emptied m iS-^o 
minutes They state that the slower the emptying time, 
the better is the clinical end result It must be noted, 
however, that the total emptying time was used , no esti- 
mation of quantitative emptying time was made 

Quantitative emptying time may be defined as the 
pei lod taken for the fluid level m the gastric remnant to 
disappear after a barium meal Flakes of barium which may be seen adhering 
to the mucosa after a meal, are disregarded 

In this series in which 40 cases were followed, the average quantitative 
emptying time was 58 minutes Only three cases in this series had quantitative 
emptying time of less than 30 minutes Two of these cases were followed up one 
month after operation and the remaining case one year after operation Eight 
cases had an emptying time of 30-40 minutes and the remaining 29 cases had 
an emptying time exceeding 45 minutes Of these, five cases were followed up 
less than six weeks after operation and five cases less than three months 
( 5 ) Sphmcteiic-likc action of the stoma 

Schindler^’^ on following up 52 cases of a Polya type gastrectomy, foun 
that on gastroscopic examination, 48 of the cases had a rigid type of stoma 
which remained patent throughout In these cases theie was considerable 
edema with inflammatory change and erosion of the gastiic and jejunal mucosa 
In only four cases was there a sphinctenc-like action at the stoma and 
these four cases were the only ones with a healthy mucosa and which were 
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entirely symptom free We think that the sphinctenc-hke action is due to con- 
tractions of the jejunal musculature rather than that of the stomach, as the first 
swallow of barium passes straight through the stomach into the jejunum (Fig 
2A) which then contracts and closes the stoma The stomach then fills (Fig 
2B) and as the jejunum, having emptied, relaxes, more barium flows through 
the stoma In 88 per cent of the cases m our series there was roentgenologic 
evidence of this sphinctenc-like action, which usually appeared within six 
weeks of operation 

The prevention of jejunal bulging and the increased emptying time encour- 
age the early resumption of a normal diet postoperatively The psychologic 
effect of a diet, normal in quantity, cannot be over-emphasized In this series, 
fluids — milk or sweetened drinks — were given within 12 hours of operation, 
and within 10 days the patients were receiving a normal hospital diet This 
has an important effect in convincing the patient that he has now a healthy 
stomach The patient leaves hospital with specific instructions to eat and drink 
anything he wishes The A^ast majority of our patients have been ready to 
follow these instructions Of the 112 patients followed, all except two have 
returned to their former employment, these two having been off work for 15 
years before operation We have also found that weight gam is much more 
rapid if a normal diet is returned to at an early date, and that there is a very 
low incidence of post-gastrectomy anemia If a wide stoma is used, it is gen- 
erally accepted that frequent small meals and prolonged postoperative medical 
care with a comprehensive but concentrated diet are desirable With a small 
stoma, this careful postoperative care is eliminated 

The reasons for these advantages are 

(a) The stoma functions immediately (Fig 3) 

We have several roentgenograms taken between 12 and 24 hours after 
operation which show the passage of barium through the stoma Allan and 
Welch^^ record eight cases of obstruction with a full length stoma in a series of 
151 cases In our senes there has been one case 

(b) With the early sphincteric-like action of the stoma, there is rapid dila- 
tation of the gastric remnant and delayed emptying time This was shown in 
60 cases, x-rayed 4-6 weeks after operation, in which the gastric remnant 
had the capacity approximating that of a normal stomach Vitkin'^, who re- 
viewed 45 cases with wide stomas, found that m the first three months six had 
an average sized gastric remnant and in all of the remainder the gastric rem- 
nant was high and small Strauss® et al , discussing the size of the gastric 
remnant after resection of two-thirds of the stomach, obsen^ed that 69 per cent 
of the remnants remained the same size, 17 per cent decreased and 14 per cent 
increased in size, and made the statement that the slower the emptying time 
the better the clinical end results In 13 2 per cent of the cases in our series 
the gastric remnant remained the same size and m 86 8 per cent the size was 
increased None of the cases showed decrease m size 

(c) Another asset of the small stoma is that it prevents jejumtis by pro- 
tecting the jejunum from immediate contact with food over a wide surface 
Schindler^’’ demonstrated jejunitis m 92 per cent of the cases which he exam- 
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A B 

Fig 2 — ^X-raj appearance six weeks after a gastrectom^ using a small stoma It will 
be noticed in (C) and (D) that there is barium m the pioximal loop, this has been pushed 
back by the radiologist (A) The barium is seen to run straight through the stoma and 
into the jejunum after taking the first swallow (B) Some seconds later the stoma is seen 
to close and the stomach fills and distends Rote the size and the le\el of the air bubble 



D 


Fig 2 (C) The stoma is open and the barium is seen flowing into the jejunum 

place in the stomach as shown by the size and the level of the ai 
DUDDie (,uj j.he stoma is closed and the stomach is undergoing peristalsis 
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ined with the gastioscope Vitkin' believed that out of a series of 132 cases wnth 
full length stoma all had a chronic jejunitis, wnth the exception of five 
patients wdiere impiovement was observed, it persisted in the remaining 127 
cases for yeais This is lesponsible for vague abdominal discomfort often not 
complained of but tolerated by many patients In our senes of 80 cases, follow^ed 
up ladiologically, only one had definite evidence of jejumtis 



Fig 3 — Barium meal 20 hours after a gastrectomy using the 
small stoma and showing the barium passing into the jejunum 
Note the position of the esophagus indicating the level of the 
resection and the size of the remnant before dilatation has occurred 

(d) Leakage at the duodenal stump may be due to faulty closure but we are 
of the same opinion as Alleson^^ and TinteF® that the commonest cause is 
obstruction of the proximal loop at the site of anastomosis preventing the 
passage of the normal duodenal and pancreatic secretions (1500 cc daily) This 
obstruction may be caused either by kinking at the upper part of the anasto- 
mosis or by edema — producing a temporary paralysis of the proximal jejunum 
With a small stoma, the amount of edema is minimal and if the jejunum is 
stitched to the closed uppei pait of the gastric remnant, edema and kinking 
cannot occur at the same place Slight kinking or edema in themselves may not 
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be sufficient to cause obstruction but when they occur together, complete 
obstruction may be precipitated (Fig 4) 

In the 1 18 instances in which we have used a small stoma these points have 
been substantiated There has been no case of leakage of the duodenal stump 
and in only nine cases has postoperative gastric suction been necessary 

Seven of these cases had slight postoperative hemorrhage In one, there was 
an organic small bowel obsti uction for which further operation was necessary on 
the fifth day, when a loop of small bowel adherent to the inside of the wound, 
was separated, aftei which convalescence was uneventful In one case, the 



A B 


Fig 4 — (A) Line drawing of a small stoma gastrectomy indicating the sites where 
edema (X) and kinking (K) may occur, but their positions are held apart 

(B) Line drawing of a large stoma gastrectomy indicating edema and kinking may 
occur at the same site 


stoma was made too small (15 cm ) This also necessitated re-operation on 
the fifth day, with enlargement of the stoma It is interesting to note that in 
this case the small gastric remnant had distended to 40 ozs on the second post- 
operative day before suction was instituted, without any ill effects 

DUMPING 

The dumping syndrome, as defined by Custer, Butt and Waugh"^ of the 
Mayo Clinic, consists of four cardinal and almost invariable symptoms occur- 
ring 15-30 minutes after food 
They are 

( 1 ) Profound nausea and weakness 

(2) Generalised unpleasant feeling of warmth 

(3) A cold sweat especially of the forehead and face 

(4) Palpitation 
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The cause of this syndrome is still debatable There are three possibilities 

1 Sudden dtstenhon of the jejunum While sudden jejunal distention does 
cause a feeling of fullness immediately after food is swallowed and is exceed- 
ingly common after operations of the Polya wide stoma type, it cannot be 
regarded as the primary cause of dumping because when levulose is used m 
place of dextrose to distend the jejunum, the flushing, sweating and lassitude do 
not appear 

2 Jejumhs It has been observed that the majority of cases with the dump- 
ing syndrome show radiologic evidence of jejunitis but this may be m itself the 
result of too rapid emptying In those cases in this series which have exhibited 
the syndrome, there has been no evidence of jejunitis 

2 Hypoglycemia It has been recognized for a considerable time that after 
gastrectomy or gastro-enterostomy, carbohydrates are more rapidly absorbed 
than usual 

This rapid absorption results m an over-stimulation of the production of 
insulin which in turn leads to a sudden drop of blood sugar level and results m 
hypoglycemia i-il 4 hours after food Severe hypoglycemia may induce the 
excessive secretion of adrenalin which may simulate in every respect the 
dumping syndrome 

Since, however, the dumping symptoms usually occur within half an hour 
after food, it will be seen that there is some room for doubt as to the validity of 
this theory It may be, however, that the rate of fall in blood sugar level from 
hyper- to hypoglycemia is associated with the upset 

The one constant feature which is present in all these theories is too rapid 
emptying of the stomach 

Gilbert and Dunlop^® reported that 35 per cent of patients who had had 
gastrectomy of various types cai ried out presented the dumping syndrome 

In this series, there have been 17 patients (15 per cent) from whom the 
history of the dumping syndrome could be elicited by asking leading questions 
Twelve of these patients were s}Tnptom free within three months of operation 
Of the remaining five, three have only had a three months’ follow-up and are 
improving , m one case the syndrome has persisted for two years , and in one 
case for one year Both of these, however, are able to work We think these 
figures compare veiy favorably with those to be found in Gilbert and Dunlop’s^® 
series in which 10 per cent of their gastrectomy patients were unfit for any 
form of employment because of the dumping syndrome 

It IS interesting to note that a number of patients who presented themselves 
for operation had symptoms identical with the dumping syndrome preoper- 
atively All except the five already referred to have completely cleared up 
after operation It has been found by Abrahamson”® that patients suffering 
from duodenal ulcer have a low blood sugar level This is an interesting obser- 
vation which we hope to investigate further 

It IS probable that the small incidence of persistent dumping in this series 
IS due to the delayed emptying time of the gastric remnant due to the early 
development of a sphinctenc-like action of the small stoma 
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While many people believe that the size of the stoma has no influence on 
the emptying rate and that this is controlled only by the size of the lumen of 
the jejunum, this view is not borne out by our experience Forty cases have 
had a follow-through barium series and the average time taken for the stomach 
to empty has been 58 minutes That is the time taken for the fluid level in the 
stomach to disappeai as opposed to 1 5-20 minutes m patients who have had a 
full length anastomosis performed 

This delayed emptying time is not due to any organic obstruction as during 
the first feu days barium flows straight through into the jejunum and the 



Fig 5 — Barium meal 18 months after a Polva full length stoma gastrectomj (A) 
Immediately after meal showing very rapid emptying of the stomach and jejunal bulging 

(B) One hour after meal showing the stomach and small bowel completely empty 


stomach empties rapidly The majority, however, have developed delay and 
sphinctenc-like action within six weeks 

In addition we have lecently had a patient who had had a full length Polya 
type gastrectomy carried out 18 months previously with such severe postpran- 
dial dumping symptoms that it was necessarj^ for her to he down for one hour 
after every meal She was also afraid to eat in a public place for fear of 
fainting Accordingly a second operation was performed and the size of the 
stoma was reduced to 2^ cms The patient’s symptoms weie completely 
relieved by this operation and within 14 days she was able to take a full normal 
diet A barium meal on the i ith day show ed sphinctenc-like action of the stoma 
and emptying time of over one hour (Fig 5) Three months later this 
patient had gained 10 lbs in w^eight and appeared to be in perfect health 
Argument'; against the use of the small stoma aie as follows 
(1) It may be said that regui gitation of alkaline juices into the gastric 
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remnant with neutiahzation of any remaining free hydrochloric acid is pre- 
vented, but It IS now generally accepted that if the resection has been adequate, 
stomal ulceration is exceedingly rare In any case, most recurrent ulcers aie 
jejunal and not gastric 

(2) Obstruction might occur latei at the site of the stoma We have fol- 
lowed some of these patients for over five years and we have had no single 
case of delayed postopei ative vomiting or any evidence of late stenosis 









C D 

Fig 5 — (C) Barium meal ii da3’^s after a reconsti uctive operation on the stoma 
reducing its size to 2J/2 ems Lateral \-ray 5 minutes after the meal 

(D) One hour after the barium meal 



CONCLUSIONS 

Evidence is produced from a series of Ii8 partial gastrectomies for peptic 
ulcer to show that a stoma of 2 5 cm long has the following advantages 

(1) The small stoma with a Hofmeistei-Finsterer valve reduces the risk 
of incidence of — 

(a) leakage at the duodenal stump 

(b) leakage at the anastomosis 

(c) postoperative hemorrhage from the anastomosis 

(d) the necessity for routine postoperative suction 

(e) jejunitis 

(2) The small stoma encourages — 

(a) sphincteric action at the stoma 

(b) delaj'^ed emptying time 

(c) the ability to eat a full normal diet at an eaily date, shortening 
convalescence 

(3) The small stoma reduces the incidence of the dumping syndrome 



PORTER AND CLAMAN 


Airnala of Surgery 
April 1049 


REFERENCES 

1 Berg, A Surg Chn North Amer , 5 49-91, 1925 

2 Fjnsterer, H, and F Cunha Surg, Gynec & Obst, 52 1099-1114, 1931 

3 Wright, G Bnt J Surg, 16 253-266, 1929 

^ Ogilvie, Sir H Australian & New Zealand J Surg, 17 13, 1947 
= Clavel, C Rev de Chir ,74 391, 1936 
« Strauss, A A , et al Am J Dig Dis , 4 32-37, 1937 
Vitkin, S F Ann Surg, 3 27-48, 1940 
8 McCann, J C Am J Phys , 89 497, 1939 

® Shay, H , and J Gershon-Cohen Am J Dig Dis , 2 608-613, 1936 
Thomson, H L Thesis Mayo Foundation, 1930 
Ravdm, ef al Am J Roent & Rad Ther , 35 306-315, 1936 
12 Kennedy, C S , R Reynolds and M O Cantor Surgery, 22 44-47, 1947 
12 Taylor, G Gordon Bnt J Surg , 16 641-667, 1929 
Allan, A W, and Welch Ann Surg, 115 530-543, 1942 
15 Reinhoff, F Ann Surg, 121 583-599, 1945 
1® Gilbert, A , and D M Dunlop Bnt M J , 2 330-332, 1947 
11 Schindler, R Am J Dig Dis , 7 503-507, 1940 
1® Jordan, S M JAMA, 116 586-590, 1941 
1® Alleson, L A Surgery, 19 220-222, 1946 
2® Tintel, A Surg Chn North Amer, 24 1359, 1944 

21 Custer, J R, F E Butt and J M Waugh Ann Surg, 123 410-418, 1946 

22 Kalk, H , and P F Meyer Z Klin Med , 178 353, 1932 
22 Abrahamson, E A Am J Dig Dis, 12 379-382, 1945 


428 



THE OPERATIVE TREATMENT OF PECTUS EXCAVATUM* 
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Baltisiore, Md 
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AND THE JOHNS HOPKINS HOSPITAL BALTIMORE MARYLAND 

The operation for pectus excavatum was put m proper perspective by 
the detailed review of Ochsner and DeBakey^ m 1939 and by the series of 
patients presented by Lincoln Brown^ in the following year Since the recent 
publications of Sweet^ and of Lester"* with their modifications of previous 
technics, pectus excavatum has been established even more firmly as a con- 
genital deformity amenable to surgical correction 

Pectus excavatum (funnel breast, Tnchterbrust) is a deformity of the 
thorax marked by a sharp posterior curve of the body of the sternum, deepest 
just before its junction with the xiphoid The lower costal cartilages bend 
inward to form a depression, the lateral borders of which are angled more 
sharply than the supei lor and inferior portions A paradoxical inward motion 
of the lower sternum is conspicuous on inspiration The deformity is present at 
birth and usually is progressive The chest becomes flat and thin, the dorsal 
spine kyphotic, the head thrust forward In extreme instances the deepest 
portion of the concavity to one side of the midline may be posterior to the 
ventral surface of the vertebral bodies In the undressed patient the concavity 
is conspicuous and unsightly and a source of embarrassment to young indi- 
viduals of either sex The deformity of rib cage and spine in the more severe 
instances is quite plain even when the patient is clothed Physiologic disturb- 
ances may occur due to displacement of the heart or pressure upon it, but this 
IS usually delayed until adolescence or later There have been numerous reports 
of dyspnea and cardiac arrhythmias, such as paroxysmal tachycardia, their 
occurrence is not necessarily confined to the patients with the most severe 
deformities It seems likely, however, that the dyspnea in the adult with shal- 
low, rigid chest is on a pulmonary as well as a cardiac basis 

It IS impossible to predict in which children the deformity will progress, 
since the mechanism of its production is still uncertain The paradoxical depres- 
sion of the sternum with each inspiration suggests that a short central tendon 
of the diaphragm might be responsible Moreover, at operation one usually 
finds a tough fascial band tensely stretched between hnea alba and sternum, the 
so-called substernal ligament When this is divided the sternum may be 
elevated slightly without division of costal cartilages On the other hand, the 
defect IS generally obvious at birth and it seems unlikely that it has been pro- 
duced solely by the pull of the diaphragm during fetal respiration 

It has been our feeling that operation should be undertaken in the more 
severe instances to correct the existing deformity and to prevent its progres- 
sion The younger the patient at the time of correction, the more favorable are 


* Submitted for publication, October, 1948 
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his chances foi attaining a noiinal appearance with subsequent giowth of the 
tlioracic cage 

The 'indicahons foj opoahon aie (i) cosmetic, (2) orthopedic, and (3) 
physiologic 

(i) The deformity itself is a souice of concern to children and parents and 
a basis for teasing by playmates The extent to which this has disturbed a 



Fig 1 — Midhne incision from manubrium to epigastrium The pectoral muscles are 
stripped back and the costal cartilages resected together with the perichondrium me 
entire deformed segment of each involved cartilage is lesected 


patient and his family is usually fully appreciated only after the operation The 
correction of the defect seems to permit patient and family alike to discuss 
freely what had previously been minimized by a protective reticence 

(2) The antero-posterior flattening of the chest and the kyphosis will grad- 
ually disappear, if operation is pei formed early enough As indicated hereafter, 
prophylaxis is better than cure 

(3) If dyspnea, exercise intoleiance, or cardiac arrhythmias are present, 
operation is strongly indicated 
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In children with pronounced defects, opeiation should be undertaken before 
there is any marked geneial thoracic deformity and before physiologic dis- 
turbances occur One cannot predict which childien will suffer most, if not 
opei ated upon On the othei hand, one may say that a less formidable oper- 
ation 111 infancy will probably ensure normal development, whereas a more 
extensive operation some years later ma} secure only a partial correction of 
the defoimity 

The procedure we have employed differs m some respects from those 
reported It is designed to prevent any further deformity and to correct the 
existing deformity For this reason we have felt it necessary to divide the 
xiphi-sternal articulation and substernal ligament and to resect all the deformed 



Fig 2 — The two lowermost costal cartilages on each side have 
been resected, giving access to the xiphoid The xiphi-sternal 
articulation is divided 


costal cartilages for the length of their deformity The usual transverse cunei- 
form osteotomy is performed at the sterno-manubnal junction and the coi- 
rected position maintained by braided silk sutures No traction apparatus is 
employed The extensive defect resulting from excision of all of the deformed 
cartilage makes it impossible to suture the remaining cartilage ends to the 
sternum No cast or other apparatus is employed to support the chest 

Techmc Under intratracheal ether anesthesia a midline incision is made 
from manubrium to epigastrium The upward rise of the xiphoid and epigas- 
trium from the sternal hollow is often nearly vertical and the sharp declivity 
makes it difficult to work in this area In infants and small children it is rela- 
tively easy to strip the pectoral muscles from the sternum, exposing the costal 
cartilages With the periosteal elevator all of the deformed cartilages are 

431 



MARK M RAVITCH 


Annals of Surgery 
April 1949 


exposed for the full extent of their deformity The two lowermost cartilages on 
each side are divided at the lateral edge of the deformity and are then dis- 
articulated from the sternum (Fig i) In infants and children It IS exceedingly 
difficult to perform subpenchondral resection and no attempt is made to pre- 
serve the perichondrium The deformity is such that the lowermost cartilages 
on each side usually he together like the ribs of a fan, hindering exposure of 
the xiphoid Only after these cartilages have been resected is one readily able 
to expose and separate the xiphisternal junction As the scissors open the 



Fig 3 — Segments of costal cartilages removed at 
operation on Patient M K , Case 2 The full length of the 
malformed portion of each involved cartilage is removed 
This patient was four years old and notice that the lower 
segments are almost five centimeters in length 


Xiphisternal joint (Fig 2), one can usually see the tough fibrous substernal 
ligament behind it When this is divided the xiphoid pulls well away from the 
sternum — at times with an audible snap Any remaining attachments of the 
rectus muscles to the sternum are divided The finger can then be introduced 
into the mediastinum and the sternum freed of diaphragmatic attachments until 
the finger reaches freely to the manubrium At this point one has completed 
what IS essentially the “limited” operation of Brown In one infant (Case 
No 3) had planned to do no more than this but found that there was still 

432 



\ olurae 129 
Number 4 


PECTUS EXCAVA.TUM 


a marked deformitj and so continued the operation The remainder of the 
deformed costal cartilages on both sides aie then removed The number varies 
with the sevent} of the defoimity We have taken fiom three to five cartilages 
on each side, resecting the full length of the deformed segment (Fig 3) The 
intercostal structui es are divided so that the body of the sternum is free except 
for Its junction with the manubiium A transverse cuneifoim osteotomy 
(Fig 4) is perfoimed at the beginning of the downward curve in the sternum, 
cutting through to the postenoi cortex In the first two patients ^^'e employed 
an electric saw^ but now' find osteotomes and an ordinary gouge to be simplei 
and more convenient The sternum is then bent sharply anteriorly, fracturing 



Fig 4 — Five costal cartilages on each side have been resected 
and the corresponding intercostal bundles have been divided The 
sternum is freed except at its upper end With the gouge a trans- 
verse osteotomy is performed 

the posterior cortical lamella Mattress sutures of braided silk are placed 
through the bone at the site of the osteotomy (Fig 5) to secure the two portions 
of the sternum m a slightly over-corrected position These sutures are rein- 
forced by 00 silk sutures placed in the periosteum In the first tw'o patients we 
used wires for external traction, but a fatal pyogenic infection m our second 
patient led us to abandon this technic, and w'e have seen no need to return to it 
We have considered intramedullary fixation with a Kirschner wire, but in a 
recent adult patient with another type of sternal deformity, requiring tw’O 
transverse osteotomies, sutures alone sufficed despite a heavy bony structure 
Since the resected segments of cartilage are 3-5 ems m length, w'e have consid- 
ered it unwise to suture the remaining cartilage ends to the sternum Despite 
this, the patients have not suffered from respiratory embarrassment The 
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pectoral muscles aie resutuied (Fig 6) to the edges of the superior portion ot 
the sternum All patients have received prophylactic blood transfusions from 
the outset of the operation Of eight children operated upon, seven convalesced 
rapidly and may be considered excellent lesults One child immediately after 
operation developed high fevei and a massive wound suppuration which pres- 
ently eroded the pleuia and produced a fatal emp}ema This child had 
bronchiectasis (as m Lincoln Brown’s first patient), but the infection was most 
probably due to some gross break m technic in the operating room 


' - i 



Fig S — The sternum is elevated anteriorli% fracturing the pos- 
terior plate at the level of the osteotomy The corrected position is 
maintained by mattress sutures of braided silk placed through the 
bone The periosteum is then sutured with black silk 


CASE REPORTS 

Case 1 — R K , 409665 This was a thin, undernourished bo} of 10 He had been 
noted at birth to have a “caved-m chest ” His father was said to have the same deformity 
It was thought that the boy’s deformit3 had been increasing in severity He had alwny® 
been a “mouth breather,” but no other cardio-respiratory symptoms had been noted T lere 
was a marked funnel chest with a moderate degree of paradoMcal respiration The 
was long and narrow His posture was pool ivith a forward thrust of the neck and a 
rounded dorsal spine 
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On Januar> 15, 1947, the five lowermost costal cartilages on each side were resected 
A transverse osteotomy vas performed m the sternum and sutured with silver wire 
Traction was maintained on the sternum by wire sutures attached to a plaster cast In two 
days he vas out of bed The traction apparatus was removed on the 15th day On the 
2oth day measurements with obstetrical calipers showed that on inspiration the sternum 
moved outward a half centimeter instead of retracting one centimeter as before operation 
He was last seen October 4, 194S The improvement has been maintained 

Case 2 — K A-51517 This was a boy 3 years and 9 months old who had been 
hospitalized repeatedly because of respiratory infections which had been diagnosed as 
pneumonia on several occasions He had wheezed from birth The sternal deformity was 



Fig 6 — The pectoral muscles are su- 
tured to the sternum in the upper portion 
No attempt is made to replace the xiphoid 
or to re-attacb the recti 


noted soon after birth There was no family history of such a deformity The child was 
malnourished and chronically ill There was marked retraction of a deep sternal hollow 
and of the attached costal cartilages He had a cough productne of whitish purulent 
sputum There were rales everywhere oier the lungs Bronchograms showed bronchiec- 
tasis of the right lower lobe It was decided that he would tolerate lobectomy better with 
increase in vital capacity resulting from correction of the pectus excavatum 

On January 21, 1947, the five lowermost costal cartilages on each side were resected 
from beyond the beginning of their curvature laterally to the sternum medially The 
xiphoid was divided from the sternum and the substernal ligament dnided A wedge 
osteotomy was made with the electric saw and repaired with silver \\ ire sutures, correcting 
the position of the sternum Traction on the lower end of the sternum was made on a silver 
ware passing through the sternum and out through the skin, passing through a hole in a 
previousli made plaster cast On the third day after operation he developed a severe wound 
infection with hemolytic staphylococcus aureus The w'ound broke down, empyema thoracis 
developed, and the child succumbed 
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Fig 8 — (C & D) Preoperative lateral roentgenograms in expiration and inspiration 
Note the marked change in contour and the paradoxical inward movement of the sternum 
on inspiration A stripe of thick barium paste applied to the midlme demonstrates the 
sternal contour 


Fig 8 — (E S. F) AP and oblique Views ten davs after operation 
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Case 3 — E V , 420671 This was a 2-year-old boy whose development was retarded 
because of a birth injury He had always been a “mouth breather” and had frequent upper 
respiratory infections There was a deep round depression of his lower anterior chest 
which was thought to be increasing in severity (Fig 7a) There was no familial history 
of such a deformity There was prominent paradovical movement of the incurved portion 
of the sternum The child was vigorous and well nourished 



G 

Postoperative roentgenogram The sternum is 
^raight The ridged cutaneous closure elevates the barium stripe 
Koentgenograms taken in deep inspiration show the sternum 
equally straight and flat 


^ was performed It had been planned to do the “limited 

operation, ut resection of 3-4 cm lengths of the 2 lowermost cartilages and separation of 
sternum with division of the substernal ligament failed to correct 
tee ormity, although the paradoxical movement of the sternum ceased Two more 
carti ages were, therefore, removed on each side A transverse osteotomy was performed 
at t e upper or er of the defect, and the sternum was lifted anteriorly and held in place 
V a rai e si suture He was sitting up and playing by the second day and was dis- 
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charged on the fourteenth day Correction of the defect was satisfactory and has been 
maintained as seen in the photograph taken lo months after operation (Fig 7b) 

Case 4 — R E, 450812 (Fig 8) This was a 7-year-old boy whose funnel chest was 
noted at birth There was no familial history of such a defect The boy was active and 
health! , but was conscious of the defect which worried his parents and grandparents The 
deformity was both wide and deep with pronounced paradoxical movement There v as no 
cardio-respiratory disabilit\ and the heart was not displaced 

A.t operation on Februaiy 12, 1948, long segments of the four lowermost costal carti- 
lages were resected, the xiphisternal joint and substernal ligament !vere cut through, 
the sternum freed from the intercostal structuies, and a transverse cuneiform osteotomy 
was performed superiorh The sternum w'as fractured into proper alignment and main- 
tained by braided silk sutures placed through the bone 1 his corrected the deformity com- 
pletely, leaving a space of about 6 cms between the heart and the sternum which had pre- 



A B 

Fig 9 — Case 5 P S , age 3 j^ears (A & B) AP and oblique views of child 

before operation 


viously been almost in contact The soft tissues ivere repaired as in the previous instances 
He was out of bed on the fourth day and was discharged on the seventh day with a satis- 
factory correction The paradoxical respiration was abolished and the hollow was cor- 
rected, but a downward tilt from the angle of Louis (Fig 8g) suggested that we might 
better have resected 5 costal cartilages on each side instead of 4 

Case 5 — P S , 457408 (Fig 9) This 3-year-old girl had been known to have a 
“cavity m the front of her chest” from the time of birth There !vere no other known 
instances of this deformity m the family The child ivas first seen when she was two years 
old The defect was marked Operation w’as advised, but refused A year later all 
observers w'ere agreed that the defect w’as much more conspicuous, although asymptomatic 
The excavation w'as a deep one, 6 cms broad w'lth maximal depth just above the xiphoid 
The heart seemed to be displaced to the left There w'as classical paradoxical inspirator! 
accentuation of the defect 

On April 13, 1948, all of the deformed portions of the lower 5 costal cartilages were 
removed, the xiphisternal articulation and subcostal ligament were cut through, the sternum 
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Fig 9 — (E) Preoperative roentgenogram The barium o .„upc the 
low in the chest The posterior surface of the sternum almo ^^ 

ventral surface of the vertebral bodies (F) Postoperative roe g 
There has been a vast change 
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C D 

Fig 10— Case 6 BP, age 5 years (A & B) Before operation Ap- 
pearance at rest and on forced inspiration Note paradoxical displacement of 
sternum on inspiration (C & D) After operation Appearance at rest and on 
forced inspiration There is no paradoxical displacement of sternum and 
entire configuration of torso is much improved 
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was freed, and a transverse osteotomy was performed just distal to the angle of Louis A 
single suture of braided silL held the sternum in the corrected position Bilateral pleural 
perforations were recognized during the operation and treated at its conclusion by pleural 


E F 



G 

Fig 10 — (E &. F) Preoperative roentgenograms in expiration and in- 
spiration Paradoxical displacement of sternum is striking (G) Postopera- 
tive roentgenogram The barium stripe painted on the chest is decephve 
Close inspection shows that the sternum was fractured a little too low Llaa 
five costal cartilages been removed on each side instead of three and the 
sternum then been fractured more cephalad, a more nearly perfect result 
would have been achieved 


aspiration Except for a temperature of loo-ioi degrees for the first ■; days, recovery was 
smooth and she left the hospital on the eleventh day with a good correction of her deforniit) 
by clinical and roentgenological examination 
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Case 6 — B P , 406240 (Fig 10) This 5-year-old girl had been noted from birth to 
have a depression of her lower sternum At the age of 7 months she had an adenoidectomy 
for wheezing respirations and at 12 months radium was applied to lymphoid tissue m the 
nasopharynx Thereafter there was no respiratory difficulty The parents were certain 
that the deformity had progressively increased in severity On physical examination she 
showed typical pectus excavatum of moderate degree The depression was not as deep, 
nor was as much of the sternum involved, as in the other patients Paradoxical movement 
of the sternum with inspiration was fairly pronounced 

On June 3, 1948, operative correction was performed Only 3 costal cartilages on 
each side were removed The xiphoid was disarticulated, the sternum isolated, and a 
transverse osteotomy' pei formed The sternum was maintained in the corrected position 
with braided silk sutures Convalescence was rapid and easy She was up walking on the 
following day and left the hospital on the eighth day The result, by physical and roentgeno- 
logic examination, was good 

Case 7 — R S , 465631 This was a boy of 22 months whose chest deformity had been 
noticed since birth The parents remarked that it had been increasing progressively, 
although he seemed to be well and had no symptoms Physical examination showed an 
attractive child with a pronounced sternal concavity, both deep and broad Paradoxical 
movement was conspicuous In the roentgenogi am the heart appeared slightly displaced 
to the left 

On June 29, 1948, operative correction was performed The 4 lowermost costal 
cartilages on both sides were removed for the length of their deformity The xiphisternal 
articulation was divided A transverse sternal osteotomy was performed just distal to the 
angle of Louis and the sternum fractured anteriorly and maintained in this position by 
heavv silk sutures The pleura was entered on the left During the procedure it was 
obvious that the left edge of the sternum and the two or three lowermost costal cartilages 
on the left had pressed against the heart The child convalesced smoothly and was dis- 
charged on the eighth postoperative day with a satisfactory correction 

Case 8 — C L , 466265 This girl of 7 years had been born with a depressed sternum 
and her pediatrician referred her for operation because of increase m the degree of 
deformity Her posture was poor and her exercise tolerance not equal to that of friends 
of the same age Physical examination showed a child with a chest shallow m the antero- 
posterior diameter and with a conspicuous funnel deformity The deformity was asym- 
metrical, being sharper and more acute on the right side than on the left Paradoxical 
movement of the sternum was particularly prominent 

Operation was performed on August 3, 1948 Four costal cartilages were removed on 
each side, the sternum being treated in the usual fashion She was out of bed and playing 
on the next day and left the hospital on the sixth day after operation On the previous 
day 30 cc of serosanguinous fluid r\as aspirated fiom the wound The correction of the 
deformlt^ was complete and in three weeks the chest wall felt solid 


SUMMARY 

Pectus excavatum is a progressive deformity of the sternum and costal 
cartilages which may be satisfactorily corrected by operation The younger the 
patient, the greater is the likelihood of attaining a completely normal thoracic 
contour Opeiation is indicated for removal of a cosmetic defect uhicli is a 
social handicap, for coriection of a skeletal defoimity, and for alleviation of 
cardiac or pulmonaiy symptoms Early operation is important as a prophy- 
laxis against progression of s\ mptoms and signs 
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The deformed portions of all the involved costal cartilages on both sides are 
resected The xiphisternal articulation and the substernal ligament are divided 
and the body of the sternum isolated except for its attachment to the manu- 
brium A transverse osteotomy at the superior border of the defect permits the 
sternum to be elevated into the corrected position which is maintained by 
braided silk sutuies m the bone No external traction is employed and no type 
of cast or other support is required 

We have treated eight children ranging in age from 22 months to 10 years 
In seven there were no complications and the results were excellent One 
child died of a fulminating wound infection 
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THE TREATMENT OF ACUTE ANURIA^ 

WITH EVALUATION OF PERITONEAL LAVAGE 

Irving A Fields, M D , Helen Eastman Martin, M D , 

D G SmoNSEN, Ph D , Maxine Wertman, A B . 

Leola Westover, a B 
Los Angeles, Calif 

FROM THE DEPARTMENT OF SURGERT COLIEGE OF MEDICAL EVANGELISTS THF DEPARTMFN'' OF 
MEDICINE SCHOOL OF MEDICINE UNIVERSITT OF SOUTHERN CALIFORNIA 
AND THF LOS ANGELES COUNTA HOSPITAL 

Acute anuria due to potentially reversible lesions, resulting from a variet} 
of causes, i e , transfusion reaction, crush syndrome, sulfonamides, bichloride 
of mercury poisoning, shock, etc , but which are essentially similar m their 
histopathology, presents a therapeutic challenge to the clinician to prolong life 
until renal healing may occur 

Various procedures for possible alleviation of renal shutdown, such as 
intravenous procaine, spinal anesthesia or splanchnic block, or methods for 
reducing azotemia and prolonging life to the period of reversibility, such as 
peritoneal lavage’^’ ^ ■*’ ^ or the artificial kidney^*^’ have been advo- 
cated in recent years Several of the procedures are old^^’ but had not 

been adapted to clinical use until the work of Fine et al ” 

This paper presents our experiences m the treatment of acute anuria in 
SIX patients with potentially reversible tubular lesions, and in one patient with 
acute glomerulonephritis Four of our patients died and three lived 

definitions 

A 24-hour urinary output of 50 cc or less was considered as anuria, 
between 50 and 100 cc as oliguria 


METHODS 

The technique of peritoneal lavage used in all but Case i (W H ) was as 
follows Under local anesthesia the inlet tube, a dePezzar catheter, was placed 
in the upper abdomen and the outlet tube, a Chaffin tube,^® was guided into 
the pelvis by a uterine sound (Fig i) One of the limbs of the Chaffin tube 
was connected with an adequate length of rubbei tubing and drainage accom- 
plished by gravity, and the other limb was clamped off Or, if mild continuous 
suction was applied to the first limb of the tube, the other limb was covered 
with sterile gauze and functioned as an air vent The limbs were interchange- 
able The wounds around each tube were closed snugly m layers with inter- 
rupted sutures, and the skin edges sealed with collodion-cotton 

Irrigating fluid was run in at the rate of approximately one liter every 45 
minutes The composition of the fluids we used compared with the solution 
used by Fine et aP is shown in Table I 
* Submitted for publication, February, I949 

t Preliminary report presented to the Los Angeles Surgical Societj', March 14 i947 
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Table I — Composition of Lavage Fluids 


’•'Modified 
Ringer s 
Lactate 

♦Modified 
Tyrode s 

Modified 

Tyrode s 
(Fine et al ) 


Gm /liter 

Gra /liter 

Gm /liter 

Sodium lactate 

3 0 

3 0 


Sodium chloride 

6 0 

6 0 

8 0 

Potassium chloride 

0 4 

0 2 

0 2 

Calcium chloride 

0 2 

0 2 

0 1 

Magnesium chloride 


0 1 

0 1 

Sodium acid phosphate 



0 05 

Sodium bicarbonate 



1 0 

Glucose 

20 0 

20 0 

20 0 

\dded to each liter 




Penicillin 

20 000 units 

20 000 units 

2500-5000 units 

Heparin 

2-5 mg 

2-5 mg 

0 25-0 5 mg 

* Los Angeles County Hospital 






Fig I — Diagram of peritoneal lavage (A) Front view of abdomen with tubes in place 
(B) Side view I Inlet— dePezzar catheter (d) O Outlet— Chaffin tube (c; 
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The blood non-piotein-nitiogen, chloride, carbon-dioxide combining power 
and sugar were determined daily In addition, in several cases, a detailed 
electrolyte balance study was made on the serum and peritoneal-outflow-fluid, 
with daily determinations of the cations — sodium, potassium, calcium and mag- 
nesium — and the anions — chloride, bicarbonate and phosphoius Blood pH, 
serum albumin and globulin and bematocnt levels were also determined Serial 
electrocardiogiams were taken on the majority of the patients All chemical 
determinations were made b) standard methods 

CASE SUAIMAIIIES’^ AVITH COMMENT ON THERAPY USED 

Case 1 — W H — ^^Vhite male, age 32, (EACH No 974-738), was admitted to 
the hospital because of a suicidal attempt with tincture of iodine There was a rapid 
development of methemoglobinemia, methemoglobmuna and acute anuria Inadequate 
peritoneal laNage was performed from the 6th to the Qth hospital day, with retention of 
irrigating fluid due to plugging of the outflow tube He received between 2000 and 3000 
cc of fluid intravenously daily during the first 5 days and later between 1000 and 2000 cc 
daily One-half to two-thirds of the total intravenous fluid contained sodium Death 
occurred on the 9th hospital day 

Autopsy revealed acute pulmonary edema There were a few strands of fibrin in 
the peritoneal cavity The kidneys showed evidence of massive intravascular hemolysis, 
with one-half of the nephrons filled with hemoglobin casts The microscopic diagnosis 
was obstructive and necrotiring lower nephron (tubular) nephrosis (Fig 2-A) 

COMMENT 

This patient vas ovei hydrated He received too much intravenous fluid 
containing sodium Also, absorption of irrigating fluid from the peritoneal 
cavity was facilitated by blockage of the outflow^ tube and the simultaneous 
intravenous administration of a hypertonic solution (10 per cent glucose) 

Case 2 — R O’N — ^White male, age 21, (LACK No 1003-196), entered the hos- 
pital with a history of chills, fever, cough and chest pain of 10 days’ duration which had 
been treated at home with an unknown amount of sulfathiazole and penicillin On entry 
a diagnosis of pneumonia was made, and large amounts of penicillin were given Despite 
this therapy he did poorly, developed a generalized edema, and progressive azotemia, with 
a good urinary volume He received between 1500 and 2000 cc of intravenous fluid 
daily The urine was loaded with pus, bacteria (£ coli and gamma sU eptococciis) , and 
occasionally contained 15-20 red blood cells per high-power-field A clinical diagnosis 
of sulfonamide nephrosis was made and peritoneal lavage was performed from the i6th 
to the 22nd hospital day, with clearance of 14-24 Gm of non-protein-nitrogen per day 
Death occurred on the 22nd hospital day 

Autopsy revealed bilateral hydrothorax and pulmonary edema There was an acute 
bacterial endocarditis The renal lesion was an acute glomerulonephritis 

COMMENT 

The correct diagnosis w^as not made m this patient Since the majority of 
patients wuth acute glomerulonephritis survive the initial attack, it is question- 
able whether they should be candidates for peritoneal lavage The lavage 

* Drs George Pearson, Rajmond Bangle and Ro}’- Byrnes assisted m the medical care 
and collection of laboratory material m seN eral of the patients studied Dr Hugh Edmond- 
son reviewed all the microscopic sections 
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Fig 2 — Photomicrographs of kidneys (A) (Case r, W HN- 

Obstructing and necrotizing lower nephron (tubular) nephrosis (B) p l.Bichlor 
Transfusion reaction) — Healing lower nephron nephrosis (C) (Case 4, M , gni 
ide poisoning) — ^Necrotizing upper nephron nephrosis with moderate rege e 
internal hydronephrosis (See text for details ) 
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worked well m clearing nitiogenous waste products, but the patient died of 
pulmonary edema This patient likewise received too much intravenous 
fluid 

Case 3 — H N — White woman, age 66, (L A C H No 1002-896) , entered the 
hospital for a resection of a carcinoma of the rectum She had a transfusion reaction on 
the 22nd hospital day vhile being prepared for surgery Oliguria and progressive azotemia 
developed Peritoneal lavage was started 6 days after the tiansfusion reaction, and was 
continued for ii dajs ivith maiked improvement in the azotemia She received between 
1000 and 1500 cc of intravenous fluid daily Five days aftei the lavage was started 
generalized edema developed This persisted and the patient died of pulmonary edema 19 
days after the transfusion reaction The 24-hour urine volume had reached noimal levels 
2 days before death 

Autopsy revealed seveie pulmonary edema, an early bronchopneumonia, interstitial 
myocarditis, and a grade 3 squamous cell carcinoma of the lectum The kidneys showed a 
healing lower nephron nephrosis with severe interstitial pyelonephritis (Fig 2-B) 


COMMENT 

This patient began putting out urine before her death, and it is noteworthy 
that the microscopic sections of her kidneys showed advanced healing of the 
tubular lesion The use of a retention catheter was probably the cause of the 
ascending pyelonephritis She received entirely too much intravenous fluid, a 
good share of which was hypertonic, and her circulation was overloaded It is 
probable that cardiac failuie due to the inteistitial myocarditis was also a con- 
tributing factor in her edema and death 

Case 4 — M G — White woman, age 32, (LACK No 1009-649) entered the hos- 
pital because of ingestion of bichloride of mercury in a suicidal attempt BAL was started 
within 6 hours of taking the bichloride of mercury and a full therapeutic course was given 
Severe oliguria developed early and persisted for 21 days until her death Peritoneal 
lavage was started on the 6th hospital day and was used continuously for 9 days It was 
stopped for several days because of the development of peritonitis, but with the subsidence 
of peritoneal irritation, intermittent lavage was re-instituted later There was effective 
clearing of nitrogenous waste products by this procedure Intravenous fluids (isotonic) 
were restricted to 1000 cc per day except during the last few days of life when she 
received additional concentrated plasma and concentrated human albumin She died on 
the 22nd hospital day of pulmonary edema 

Autopsy showed bilateral hydrothorax (minimal) and marked pulmonary edema 
The kidneys showed a necrotizing upper nephron nephrosis, with moderate regeneration, 
and a marked internal hydronephrosis secondary to blockage of the collecting tubules by 
great numbers of casts, some of which were replicas of dead epithelium from the upper 
nephron (Fig 2-C) 


COMMENT 

This patient received too much intravenous fluid, especially m the last 
seven days of her life It is doubtful if she ever could have put out urine through 
the blocked collecting tubules, but the immediate cause of her death, as in the 
others, was acute pulmonary edema In addition to the intravenous fluid, she 
undoubtedly absoibed fluid from the peritoneum, especially during the time she 
received concentrated plasma, and concentrated human albumin lntra^ enousl) 
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Cases— B B —Negro female, age 30, (LACK No 974-/38) Prior to entrj to 
the hospital, this woman had a septic abortion and was anuric at the time of hospital- 
ization (The exact cause of the renal suppression was never established ) She recened 
between 2000 to 3000 cc of intravenous fluid daily during the first 5 days (of which 
1000 cc was normal saline) and developed generalized edema Restriction of fluid and 
sodium was begun on the 6th hospital day, and peritoneal la\ age was performed from the 
6th to the loth day with good clearance of nitrogenous waste products On the 9th hos 
pital day, her urinary output was 460 cc wnth gradual increase in volume thereafter The 
specific gravity of the urine remained at 1010 for 82 dajs 

COMMENT 

This patient began putting out urine on the 9th hospital clay She prob- 
ably would have gotten well without pentoneal lavage Her spontaneous 
recovery thus w'as not jeopardized by overtreatment 

Case 6 — “X” — White woman, age 32 (outside hospital) This patient had a Porro 
Cesarean section and a day later was re-operated on for an actively bleeding cemcal 
stump vessel She was transfused sei oral times and w’as behe\ ed to Iia\ e had a transfusion 
reaction Following this, she became severely oliguric and dc\ eloped progressne azotemia 
She received on successive days 3800, 1700, 1250, 500, 1000,' 700, 1150 cc of intraienous 
fluid On the 8th hospital day she de\ eloped marked generalized edema and a pericardial 
friction rub Peritoneal la\age was performed for 24 hours starting on the plb hospital 
day Intravenous fluids w'erc discontinued immediately preceding the institution of lavage 
and the oral intake limited to an occasional sip of tap water During the next 3 dais 
generalized muscular tw’itchings de\ eloped She showed definite improiement on the 12th 
hospital day and was able to take a modified soft diet The 24-hour urine lolume was 
normal by the 14th daj, but the specific graiity remained at i 010 for nearlj 3 "eeks 

COMMENT 

It is quite hkel) that this patient w'ould have improt ed w ithout peritoneal 
lavage since this w'as continued for only one day It did bring the blood non- 
protein-nitrogen down temporaril), and clinically she appealed more alert 
following its use She had a moderately severe generalized edema w Inch disap- 
peared rapidly with the restriction of fluids and sodium The elimination of 
intravenous fluids and sodium 10ns probably saved this patient from ot erhydra- 
tion and death from pulmonary edema 

Case 7 — W O’Q —White male, age 37, (L A C H No 1004-828) attempted 
suicide with bichloride of mercury BAL w'as started w'lthin 2)4 hours of the bichloride 
ingestion The patient became anuric within 6 hours After the 5th hospital day intraienous 
fluids w'ere discontinued and oral fluids w-ere restricted to 500 to Soo cc dail) Gastric 
lavage was performed for 2 days with clearance of approximately 3 3 Gm of non-protein- 
nitrogen per day The 24-hour urine volume reached a normal level by the hospita 
day The specific gravity remained low for 6 w’eeks 

COMMENT 

The only intravenous fluid administered to this patient after the 3rd hos- 
pital day was procaine i Gm in 250 cc of 2^ per cent glucose m water, 
repeated 3 times at 12-hour intervals He is the onl) patient in our series who 
never developed any edema In spite of a strictly limited oral fluid intake 
(500-800 cc per day) he had a diuresis after the 9th day He probahl)’’ woul 
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BLOOD 

NPN 

190 

160 

130 

100 

70 


6 8 10 12 14 * 16 18 20 22 

HOSPITAL DAYS 


Fig 3 — (Case 4 , M G — Bichloride poisoning) Results of peri- 
toneal lavage on blood non-protem-nitrogen level 


Table II — Adequate Urine Volume in Loiver Nephron Nephrosis* 

Hospital 

Day 

Urine 
Volume 
in cc. ( 1 ) 

Blood 
NPN 
mg % 

Blood 
Sugar 
mg % 

COr C P 
Vols % 

Comment 

1 

over 1300 

75 

1300 

13 

Shock 

2 

over 1700 

59 

362 

26 

Cold right leg 

3 

over 2300 

45 




4 

over 1300 




Sulfadiazine started 

5 

over 600 




for C colt sepsis 

6 

over 1000 





7 

over 1000 





8 

over 1000 


148 

57 


9 

1300 





10 

over 1100 





11 

over 2200 

174 




12 

3000 





13 

82S 

175 




14 

1200 

176 




15 

1400 





16 

2100 

205 

185 

40 


17 

1750 





18 

1250 

215 




19 





Death 


* History not discussed m paper as patient treated prior to present senes 56-> ear-old 
Negro male entered in severe diabetic acidosis and shock C colt sepsis Circulatory 
failure and gangrene of right leg (packed in ice) Autopsy showed lower nephron nephro- 
sis due to shock and sulfonamides 

(1) Some of unne discarded without measunng, the amount recorded actuall> 
measured 
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have recovered even if nothing (except BAL) had been done for him, but at 
least his lecovery w’as not complicated by injudicious overhydration and 
sodium ion administration 


DISCUSSION 

Many case repoi ts have demonstrated that peritoneal lavage^’ ® 

IS an effective means of removing nitrogenous waste products The results in 
the SIX of our patients who had peritoneal lavage confirm this and are illus- 
trated in Fig 3 (Case 4 — M G ) which shows a drop in the blood non-protein- 
nitrogen fiom 218 to 71 mg per cent with 4 days of peritoneal lavage (hospital 
days 6 through 9) 

I 



Fig 4 — (Case 7, W O’Q — Bichloride poisoning) Intake, output 
and blood non-protein-nitrogen level 
* No intravenous fluids between hospital day 5 and 21 , oral 
intake under 800 cc per 24 hours 

The characteristic microscopic pathology found in these acute lesions of 
either the upper or lower nephron are well illustrated in Fig 2 and require no 
comment due to the thorough description of Mallory^’’^ and others Certain 
points, however, have previously received little or insufficient emphasis Some 
patients with acute tubular lesions may have no anuria or oliguria In spite of 
tubular damage they may have an adequate 24 hour urine volume This urine 
has a low specific gravity and presumably comes from only a few functioning 
nephrons Progressive azotemia does develop, however, just as when 
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anuria or oliguria is present This is illustrated in Table II (lower nephron 
nephrosis due to shock and sulfonamide injury) which shows a 24 hour urine 
volume usually over i liter, with a blood non-protem-nitrogen which steadily 
rose from 45 to 215 mg per cent before death Other patients may have 
several days of oliguiia, and then put out an adequate 24 hour urine volume, 
but the blood non-protem-nitrogen level continues to rise since only a few 
nephrons are functioning Fig 4 (Case 7 — W O’Q , upper nephron nephrosis 
due to bichloiide of mercuiy poisoning) shows a blood non-protem-mtrogen 
which rose from 1 58 to 260 mg per cent, with 24 hour urine volumes between 
800 and 3800 cc from the 8th day to the 20th day The fact that spon- 
taneous diuresis will occur even with marked restriction of fluids is also seen in 
Figure 4 This patient had marked restriction of fluid intake after the 3rd day 
of anuria, but had a spontaneous increase in the 24 houi urine volumes from 
125 cc to 1750 cc between the 7 th and 9th days 

The problem of fluid and sodium retention has not been stressed sufficiently 
except by a few All of the patients in our senes (except one. Case 

7) were edematous at the time we were first consulted about their anuria The 
importance of this problem is seen in the fact that the immediate cause of 
death in the four patients who died was severe pulmonary edema The only 
patient who did not develop edema at any stage received only a small volume of 
intravenous fluid on the 31 d and 4th hospital days, and none from the 5th to 
the 2 1 St hospital day (Figure 4) 

It IS obvious that with loss of the excretory function of the kidneys, in 
particular tubular function, the mam control of extracellular sodium is lost If 
any sodium is given it will be retained,®^ and will hold water with it Barring 
severe loss of intestinal fluids (continuous nasogastric suction, diarrhea, etc ) 
there should be little loss of extracellular sodium and consequently little if any 
replenishment should be required If acidosis of severe degree develops admin- 
istration of a small amount of sodium may be necessary This is preferably 
given orally m small doses (4 o Gm of sodium bicarbonate) and repeated 
until the acidosis is moderately improved 

There is no evidence that alkalmization following a transfusion reaction or 
sulfonamide injury reverses the damage already done Forcing fluids in anuria 
does not raise the glomerular filtration pressure or break “the tubular block,” 
but merely increases the circulating blood volume^^ due presumably to ditTu- 
sion of the glomerular filtrate into the peritubular capillaries 

Another reason for rigid restriction of intravenous fluids and sodium is 
based on the fact that patients late in the course of anuria tend to develop pul- 
monary edema spontaneously This is presumed to be due to some ill-defined 
toxic effect of retention pioducts on the alveolar capillaries 

With the onset of diuresis, m the recovery phase, the management as to 
fluids and electrolytes may vary from the above plan Rapid and perhaps fatal 
loss of electrolytes may occur at this time Sodium loss if present and indicated 
by acidosis or measurement of blood and urine sodium levels should be cor- 
rected by adequate replacement 
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The tieatment of shock and anuna when they co-exist is a more difficult 
problem Initially, dehydiation and shock and their underlying causes are to be 
treated vigoi ously with sodium-contammg fluids, whole blood, or plasma, and 
every attempt made to lapidly lestore and maintain normal circulating blood 
\ olume and electrolyte levels It takes usually 24 01 more hours to establish 
the existence of anuria in a given patient and during that mteival, tieatment 
ot shock 01 dehydiation and sodium and fluid loss should be prompt and vig- 
oious If the cii dilating blood volume and electrolyte levels have been ade- 
quately lestoied but the patient after 24 to 48 hours still remains in shock 
and anuna, the forcing of intravenous fluids and sodium from this point on is 
not only ineftective but ma) , on the contrary, result m overloading of the 
cnculation and fatal pulmonaiy edema 

Since no one to date has found a satisfactory substance to add to the peri- 
toneal lavage fluid to exert an osmotic effect comparable to that of plasma 
pioteins, appieciable amounts of fluid may be absorbed from the peritoneal 
cavity A\ith long continuous lavage This is well demonstrated in Case 4 
(M G — ^Table 3 — uppei nephion nephiosis due to bichloride of mercury) 
who was lavaged continuous!} for 9 days and intermittently for 4)4 days with 
a steady decline in the level of the serum albumin from 4 o to 3 2 Gm and 
hematociit fiom 33 per cent to 22 per cent The absorption of fluid from the 
peritoneal lavage is accelerated if hypei tonic intravenous fluids are adminis- 
tered simultaneously 

Hypertonic fluids, such as concentrated salt-pooi human albumin and hyper- 
tonic glucose, are contraindicated at all times even if lavage is not being per- 
formed due to the fact that they rapidly increase the cii dilating plasma volume 
and may pi ecipitate acute pulmonary edema 

The problem of the total electrolyte balance has 1 eceived little emphasis in 
the treatment of acute anuria Oui studies suggest that important alterations 
m the electrolytes occui , some of wdnch can be corrected Many different types 
of change may occur early in the course of anuria due to loss of fluid and elec- 
trolytes in diairheal fluid, vomitus, hemorrhage, etc Late in the couise of 
anuna electrolyte changes due to tissue breakdown may occui These electio- 
lyte changes are illustrated in Table III, Case 4 (M G — bichloride of mercui} 
poisoning) Early in the anuna (5th day) the serum levels of sodium, potas- 
sium, calcium and chloride w^ere low% probably due to loss by diairhea and 
vomiting wdnch w^ere present The serum magnesium wds high early, the 
mechanism of this is not clear It w'as possible to lestore these electrol}tes to 
almost a normal level wnth peiitoneal lavage The composition of the lavage 
fluid w^as varied therefore as the electrol} tes, particularly potassium, changed 
Figure 5 (Case 4 — M G — ^bichloride of mercury poisoning) show^s the clear- 
ance or retention of electrolytes by peritoneal lavage fluid as compared wuth 
the serum electrolyte levels in the same patient After initial adjustment of the 
serum deficits or excesses piesent it is noted that the serum sodium and 
calcium remained relatively constant Chloride was absorbed from the la\age 
fluid throughout indicating a chloride depletion (this patient had nasogastric 
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Fig 5 (Case 4, M G — Bichloride Poisoning) Clearance 
j ^ serum electrolytes by peritoneal lavage 
1 he solid line indicates the concentration in the peritoneal 
innow tiuid A change in the position of the line coincides with a 
change in composition of the inflow fluid 

1 he dotted line with the solid circles represents the con- 
centration in the peritoneal outflow fluid The line with the 
indicates the serum concentration 
the serum concentration of chloride is not given as the 
determinations were made on whole blood 
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suction at intervals) Potassium was retained throughout most of the course 
(until the 13th day) — the serum levels being low Ringer’s-lactate solution 
was used when the serum potassium was definitely low, and modified Tyrode’s 
solution when the potassium was m the low normal or high normal range 
Actually a lavage fluid without potassium should be used when the serum levels 
are definitely elevated A drop m the serum potassium occurred with the 
development of peritonitis , the mechanism of this is not clear Terminally, the 
serum potassium levels rose, presumably due to tissue breakdown The pH of 
the blood which is known to affect the ratio between serum and cellular potas- 
sium concentrations did not appear to be a primary factor in the variations 
encounteied here 


These results demonstiate that the electrolytes vary from period to period 
and consequently the electrol3fte level should be carefully followed in order to 
properly treat the patient 

If chemical deteiminations of the electrolytes cannot be made, certain 
changes in acid-base equilibrium, serum potassium and calcium levels and 
occasionally magnesium levels may be gauged from their known effects on the 
electrocardiogram, if serial tracings are taken If the 
T-waves change from normal amplitude to a veiy low amplitude, it is sugges- 
tive of a drop in seium potassium, or, if from normal to high amplitude, a rise 
m serum potassium is to be suspected Development of conduction blocks, or 
of an idioventricular rhythm suggests a very high serum potassium level A 
long QT-interval (period of electrical systole) suggests hypocalcemia, although 
this may also be due to a low serum potassium Diff ei entiation can usually be 
made by the height and character of the T-waves 

Electrolyte changes correlated with the electrocai diogram and illustrating 
these points are shown m Fig 6-A (Case i — W H ) and Fig 6-B (Case 4 
MG) The effect of a very high serum potassium (10 5 mEq ) on the electro- 
cardiogiam is seen in A (Case i — 'W H — on the 9th day), where there is a 
loss of the P-waves, and an intiaventncular block of the right bundle branch 
type The effect of low potassium (3 6 mEq) is seen m Fig 6-B (Case 4 M 
G ) on the loth day Heie the T-waves are low in amplitude As the serum 
potassium increased from 6 6 mEq to 7 i mEq from the i6th to 20th day, the 
T-waves became more elevated The effect of low serum calcium on the QT- 
interval is seen in Fig 6-A (Case i — H ) on the 8th day when the serum 
calcium was 3 8 mEq and the QT-mterval o 34 seconds, compared to a calcu- 


lated normal of o 29 seconds 

An important consideration in the treatment of acute anuria is the indica- 
tion for peritoneal lavage It is well known that patients with reversible tubular 
lesions will recover spontaneously provided they are not fatally overhydrate 
At present our indications for lavage have narrowed down to the following 

(1) Hype7 potassemm Deficits of this electrolyte can be corrected by ora 
or parenteral administration of potassium chloride, but an excess of potassium 
ion in the blood must be brought down promptly to a near normal level an 
this can be accomplished by the use of a proper lavage fluid ( 2 ) Elechoh'ic 
Imbalance Multiple deviations from the normal electrolyte pattern frequent 1 
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can be coirected by the use of a proper lavage fluid ( 3 ) Severe Azotemia — 
when it IS accompanied by toxic symptoms such as restlessness, disorientation, 
diplopia, convulsions, genei alized twitchings, etc Any two or all of the above 
indications may overlap 

Six of our patients leceived peritoneal lavage In the first patient (Case 
I — W H — iodine poisoning) it was a failure due to technical difficulties and 
fluid retention Case 5 (B B — septic abortion) would have recovered with- 
out peritoneal lavage, as would have Case 6 (“X” — transfusion reaction) It 
did aid in the latter t\\ o cases m clearing edema and Case 6 seemed clinically 
improved, but this is obviously difficult to evaluate Case 2 (R O’N) had an 
acute glomei ulonephritis and probably should not have been lavaged The role 
of lavage in Case 3 (H N — transfusion reaction) and Case 4. (M G — bichlor- 
ide of mercury poisoning) who received prolonged peritoneal lavage (over ten 
days) IS difficult to evaluate Both of these patients had good chemical results 
from the lavage, but died of pulmonary edema, due to too much intravenous 
fluid 

One advantage of peritoneal lavage is the nutritional one, since glucose is 
leadily absorbed from the peritoneum This may be important in a patient 
unable to retain food by mouth, and in whom intravenous fluids must be 
restricted 

It should be emphasized that peritoneal lavage is not a simple procedure, 
and if used without expert supervision it may actually contribute to a fatal 
outcome All of oui patients in whom peritoneal lavage was used for more than 
a short interval (Cases i 2, 3 and 4) developed bacterial contamination of 
the peritoneum despite the use of penicillin (100,000 units intramuscularly 
q 3 h ) In all the autopsied patients the peritonitis was localized and healing 
was not considered to be a factor in death A detailed discussion of various 
factors m the pathogenesis of the peritonitis is beyond the scope of this 
report Strict and continued aseptic technique and avoidance of hypertonic 
irritating solutions over a prolonged time will minimize but not entirely pre- 
vent peritonitis 

ROL/E OF VASOSPASM 

The role of vasospasm in the production of anuria has been re-emphasized 
in the work of Truetta Various agents to counteract this vasospasm, such 
as intravenous alcohol, procaine, spinal anesthesia and splanchnic block,^'* 
have been suggested We have tried all of these agents It has been difficult, 
however, to critically evaluate the lesults in our patients since other therapeutic 
agents have been used simultaneously except in Case 7 (W O Q upper 
nephron nephrosis) who received intravenous procaine (3 Gm ) on the 3rd and 
4th day of his anuria, v ithout any effect on the urine output (Fig 4) Further 
critical evaluation of agents to counteract vasospasm should be made 

treatment 

As soon as a situation arises, such as dehydration, shock, transfusion reac- 
tion, etc , vhich may precipitate acute anuria eNery effort is made to correct 
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the blood volume and serum sodium level After anuna occurs, all intrave- 
nous fluids and sodium aie eliminated, with the possible exception of procaine 
and citrated blood transfusions If the patient is able to take fluid and food by 
mouth the oial intake is limited to 500-800 cc of water per day, and a low salt 
diet, less than i Gm per day, is used The sodium ion is administered only to 
correct severe acidosis If the carbon dioxide combining power drops to or 
below 25 volumes per cent the patient is given small doses of sodium bicar- 
bonate (4 Gm ) by mouth with repeated checks of the carbon dioxide com- 
bining powei 

In these patients with anuria it is well to remember that selective reabsorp- 
tion and automaticity of maintenance of electrolyte pattern are lacking and 
that small doses of ions may pioduce a far gi eater effect on blood chemistry 
than would ordinarily occur if renal function were normal 

If the patient is seen in the first 48 hours after anuna develops intravenous 
procaine is used i Gm in 250 cc of 2^4 per cent glucose in water, given over 
a period of 20 minutes and repeated every^ 12 hours foi 2 to 3 doses 

Penicillin is used routmelj'^ (whenever lavage is instituted) Streptomycin 
and blood transfusions are used as indicated (In the presence of anuria 
streptomycin blood level is built up lapidly and should be used with caution) 
We do not attempt to maintain an adequate protein intake during the critical 
period of anuria, as this interval is short (10 to 14 days) The restoration of 
weight and normal nutritional status occurs rapidly after the return of kidney 
function and has presented no problem Vitamins C and are given 
parenterally 

Daily determination of COo blood chlorides, non-protein-nitrogen, sodium 
and potassium aie made Close and frequent observations are made for evi- 
dence of peripheial pitting edema or signs of pulmonary edema The decision 
to institute peritoneal lavage (or gastric lavage) is based on criteria discussed 
above The treatment of pulmonary edema, once established, is difficult but 
venesection with rapid removal of 500 cc of blood has often produced dramatic 
(although temporary) impiovement Oxj^gen inhalation under pressure breath- 
ing has also been helpful 

During the recovery diuresis phase the fluid and sodium chloride intake are 
increased to compensate for the increased loss in the urine It should be 
re-emphasized that this phase may be a critical one The urine has a low 
specific gravity and resembles the glomerular filtrate , the 24 hour urine output 
may reach 2500 to 4000 cc and large quantities of electrolytes may be lost daily 
in that volume 

SUMMARY 

Six patients with anuria due to potentially reversible tubular lesions were 
treated with peritoneal or gastric lavage Three of these patients died and three 
lived In addition, one patient who died of an acute diffuse glomerulonephritis 
was treated with peritoneal lavage Those who lived would have probably 
survived without peritoneal or gastric lavage 

Peritoneal lavage was (i) effective in removing substantial amounts ot 
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nitrogenous waste pioducts, (2) helpful m adjusting a disturbed electrolyte 
pattern, especially potassium, (3) an indiiect means foi supplying glucose 
The disadvantages of peritoneal lavage were (i) a technical procedure 
which lequired constant and expeit supervision and special nursing, (2) 
peritoneal contamination (appearance of bacterial organisms in the outflow 
fluid) in nearly all cases m which lavage was continued for more than four days , 
(3) absoiption of fluid from the peritoneal cavity occurred if hypertonic 
intravenous fluids ^^ele administered simultaneously 

Gastiic lavage, used as the primaiy lavage method m one case, was much 
less effective in comparison with peritoneal lavage On the other hand, it did 
not have the lattei’s disadvantages 

Acute pulmonary edema was the immediate cause of death in four patients 
Six of the seven patients studied developed generalized edema at some stage 
These facts emphasize the necessity for rigid restriction of fluid and sodium 

Peritoneal 01 gastric lavage is used only if the patient shows some dele- 
terious effects from nitrogen retention or electrolyte disturbance, particularly 
hyperpotassemia 
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Since ihe studies of Graham were reported m 1915,^ surgeons have 
assiduously striven to amplify the hepatic glycogen reserve of the preoperative 
patient This piactice, along with that of parenteral glucose administration in 
the postoperative state, has yielded benefits so manifest that they need not be 
recounted heie 

In addition to its use before and following operation, caibohydrate is some- 
times emplo3fed paienterally during operation There has been no consistency 
in this practice however, and its lationale has not been established In the 
course of our current studies- it occurred to us that parenteral glucose admin- 
istration during anesthesia and suigery invokes considerations distinctive unto 
Itself 

It is knowm that anesthesia produced by ethei, chloroform, and many other 
agents, induces a significant hyperglycemia in laboratory animals and 
humans " That hepatic glycogenotysis is the source of this hyper- 

glycemia seems evident since it has not been found to occur in Eck fistula or 
hepatectomized dogs Added evidence is supplied by the fact that progres- 
sive liver sampling m the ether anesthetized dog show^s a decreasing glycogen 
content 

In the light of these observations tw^o considerations of clinical import arise 
The first 1 elates to the assimilability of parenteially administered glucose dur- 
ing anesthesia and surgery Since at this time glycogen is being broken down 
in the hvei at an abnormally high rate, as indicated above, the possibility that 
exogenously supplied glucose cannot be assimilated in appreciable amounts 
must be entertained But, if glucose can be assimilated during anesthesia and 
surgery, it would seem rational to administer it at such time in order to 
replenish the hepatic glycogen reserve at the very time w^hen it is being drained 
Such considerations would seem especially apiopos for those patients w'ho come 
to operation with any degree of incorrectible In^er damage, as such patients 
can store only relatively small amounts of glycogen m reserve In the present 
study we have determined quantitatively the extent of assimilation of parenter- 
ally administered glucose during anesthesia and surgerj’’ 

observations 

Twenty-four patients undergoing various surgical procedures were given 
1000 cc of 10 per cent glucose in distilled water intravenously during opera- 

='■ Submitted for publication, Januari , i949 
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tion Infusions were begun with the onset of surgical anesthesia at the rate of 
lo Gm pel hour duiing the fiist half horn, and thereafter at the rate of 45 Gm 
per houi until completed, 111 accoi dance with a method of glucose infusion 
pieviously described” In some instances glucose infusion was temporarily 
inteirupted foi infusion of whole citiated blood When the infusion time 
exceeded the operating tune, the infusion was continued uninteiruptedly after 
completion of the operation Among the patients studied vaiious lesions and 
suigical piocedures weie 1 ep resented, and ceitain patients with laboratory 
evidence of distuibed hepatic function weie puiposefully included None of the 
patients presented clinical or laboiatoiy evidence of primal y impairment of 
carbohydrate metabolism All postopei ative urines weie collected and quanti- 
tative sugar detei minations made by the method of SomogyG* The balance 
sheets shoivmg the amount of glucose tliat was utilized in the piocedure 
(glucose infused minus glucose excreted m the mine) aie recorded in Table I 

RESULTS 

As ma)' be seen in Table I, 20 of the 24 patients assimilated over 90 per cent 
of the glucose infused The remaining foui patients assimilated less than 90 
per cent, but even the poorest lesult was 83 6 per cent The degree to which 
glucose was assimilated w as not related to the anesthetic agent used, nor did it 
show an} consistent relation to the duiation of anesthesia and operation, to the 
state of general hepatic function, 01 to the presence of acute localized infection 
Patients No ig and 20, in spite of unabolished ketosis at the time of suigery, 
assimilated 87 i and 97 4 pei cent of the infused glucose, respectively It might 
be significant that the foimer patient piesented a histor} suggesting a longer 
duration of ketosis than the lattei Onl) four of the 24 patients in this series 
(17 per cent) piesented immediate postoperative ketonuiia, wdiereas 47 per 
cent of a consecutive senes of 200 patients undergoing operative piocedures 
wnthout concomitant glucose infusion did develop ketonuiia 

DISCUSSION 

As wuth all biologic processes, energy must be expended by the liver m 
performance of its various functions Tlie hepatic glycogen reserve is important 
primarily to provide this energy, the pieferential fuel of the hvei being carbo- 
hydrate Fats and proteins are utilized veiy uneconomically by the liver 
for fuel Glycogen, on the other hand, becomes available foi oxidation wnthout 
involving dissipation of eneigy When the hepatic glycogen reseive is not of 
amount sufficient to satisfy the full energy^ requirements of the liver, ketosis 
develops and, as is w^ell knowm, many deleterious accompaniments may be asso- 
ciated with this state Fuithermoie, the Iivei, being a relatively anoxic organ, 
IS dependent upon the combustion of available glycogen as a substitute for this 
anoxia in carryung on its noi mal physiologic activity'^ 

That a rich hepatic gtycogen reseive has been found of such great bene t 
to the surgical patient is quite lational in light of these phenomena Further 
consideration wmuld logically indicate that this reserve be available not only 
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foi the impact of anesthesia and opeiation, but that it be maintained throughout 
the postoperative period 

It vould therefoie seem lational to suppl)^ additional glucose as near as 
possible to the ciitical period of opeiative glycogen breakdown, ideally, during 
operation itself Such a pioceduie, however, would be justified only if it could 
be ascertained that under the given conditions glucose can be assimilated in 
appi eciable amounts If not, there w'ould be no advantage to this theoretically 
desirable procedure and, fuitheimoie, the disadvantage of diuresis would 
obtain Certain well established observations, previously discussed, make the 
assimilabihty of glucose during anesthesia and operation theoretically uncertain 

The observations lepoited here show' that glucose can be assimilated in 
quite significant amounts dining anesthesia and surgery m patients having no 
abnormalities of carbohydrate metabolism Such assimilation has been effected 
111 the presence of prolonged anesthesia, extensive surgical procedures, evidence 
of diminished hepatic function, and mild degrees of ketosis 

We recognize that most well piepaied patients coming to operation will 
cairy an adequate hepatic glycogen lesene through the operative period and 
until postoperative alimentation is begun Howevei, since the meticulous pie- 
and postoperative therapy is foi the benefit of the poor risk patient, it is in 
regard to this group that these consider ations find their point The poor risk 
patients, from the standpoint of carbohidiate metabolism, m addition, of course, 
to those w'lth specific metabolic derangements are those wuth degrees of preop- 
eratively incorrectilile livei damage These patients cannot store appreciable 
glycogen reserves, and w'hen they undergo formidable operations the consid- 
erable operative glycogenolysis and difficulties of postoperative alimentation 
severely drain the previously attained reserve 

SUMMART 

1 Pai enteral glucose, administeied in accordance wuth physiologic prin- 
ciples, IS w'ell assimilated during anesthesia and surgery 

2 Parenteral glucose alimentation during majoi operations is advocated 
to protect the preopeiatively attained glycogen reserve This practice is espe- 
cially emphasized when there is any degree of preoperatively incorrectible 
liver damage 

The authors wish to express their appreciation for the help and advice of 
Dr Michael Somogyi 
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PROPHYLAXIS OF OVARIAN CANCER* 

Harold Speert, M D 
New Yomc, N Y 

FROM THE SLOANE HOSPITAl FOR WOMEN AND THE DEPARTMENT OF OBSTETRICS AND GYNECOLOGY 
COLUMBIA UNIVERSITY NEW YORK N Y 

The present sfudy is an attempt to assess the possibility of reducing the 
mortality from ovarian cancer Although less prominent in its incidence, 
cancer of the ovary, because of its low cure late, ranks fourth among the neo- 
plasms 1 esponsible for death in women aged 40 years and over The mortality 
rate from this cause among white women beyond the fiist four decades of life 
was 1702 per 100,000 U S population in 1945 During that year 4,386 
women died as a result of cancer of the ovary ** 

With the inadequate methods of therapy now available, three theoretical 
possibilities exist foi lightening the shadow cast by this disease These include 
public education, loutine periodic pelvic examinations, and prophylactic 
ovariectomy 

Little benefit is to be expected from attempts at public education One of 
the outstanding features of ovarian cancer is its insidious course and the 
notorious absence of symptoms until the disease is well advanced H S Cros- 
sen® forcefully called attention to the silent nature of ovarian carcinoma in 
1942 and R J Crossen^ (^ 947 ) 1*^5 recently re-emphasized the menace of this 
characteristic The onset of symptoms is usually indicative of an incurable 
stage of the malignant process 

Another possible approach to the problem vould be the routine pelvic 
examination of all women at frequent intervals It is doubtful, however, 
whether this procedure will ever be applied to more than a small segment of 
the population It is uncertain, moreover, to what extent such a routine \\ ould 
increase the proportion of curable cases Two recent experiences illustrate the 
difficulty in recognizing early ovarian cancer and the rapidity with which the 
tumor may grow 

Case 1 — A woman of 45 years had a hysterectomy for myomata associated with 
menorrhagia The adnexa appeared grossly normal and were removed only as a prophy- 
lactic measure Histologic examination of the ovaries showed bilateral adenocarcinoma 
Seven months later the pelvis w'as infiltrated with hard masses and the patient die 
soon thereafter 

Case 2 — A postmenopausal woman of 55 years had a vaginal hysterectomy for pro 
lapse Pelvic examination was otherwise negative Four months later she returned witi 
extensive and inoperable carcinoma of the ovary, proved at laparotomy 

* Submitted for publication, October, 1948 

** These figures, furnished by the U S Public Health Service, include deaths from 
cancer of the fallopian tube and parametrium, but the number of such cases is so small as 
not to affect significantly the statistics 
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Accepting the fact that ovarian cancer, once it becomes symptomatic or 
clinically recognizable, is usually beyond the reach of curative measures, we 
can anticipate a decrease m the mortality from this disease only by earlier 
diagnosis or by prophylactic measures One such approach is currently feas- 
ible, namely prophylactic ovariectomy incidental to other operations Under 
some circumstances, such as in a postmenopausal woman undergoing hysterec- 
tomy, the desirability of prophylactic bilateral oophorectomy is clear-cut and 
generally accepted In younger women, however, m whom the cessation of 
the menstrual function has not yet occurred, castration provides security 
against ovarian cancer only m exchange for the sacrifice of the still useful 
endocrine function of the ovaries Disposition of the ovaries m borderline cases 
requires individualization 

This problem has been approached through a study of the case histones of 
the last 260 patients with definite cancer of the ovary m the Sloane Hospital 
Attention was focussed on the past surgical history of these 260 patients, to 
determine the proportion vho had had previous pelvic, lower abdominal, vag- 
inal or other relevant operations This category included operations on the 


Table I — Previous Relevant Operations in 260 Patients zvith Ovaiian Cancer* 



Operations 

Per Cent 

Lower abdominal operations 

52 

60 

Vaginal operations 

27 

31 

Breast operations 

5 

6 

Radiotherapy 

9 

10 

Exploration of adrenal 

1 



* Total exceeds the 87 operations mentioned m the text since 
some of the operative procedures were listed m two categories 


breast, because of the close functional relation between this organ and the 
ovary, pelvic radiotherapy, and a case in which adrenal exploration was pei- 
formed for a gynecologic complaint (masculmization) These operations pre- 
sent an obligation carefully to evaluate the status of the patient’s ovaries, either 
by direct inspection or by bimanual palpation with the patient anesthetized, 
and provide an opportunity, if the abdomen is already open, to remove useless 
or suspect organs 

Among the 260 patients with ovarian cancer were 67 (26 per cent) who 
had undergone previously 87 such relevant operations This is a minimum 
figure and should probably be somewhat higher since several of the charts 
lacked details of the patient’s past history The operations are grouped and 
listed in Table I Fifty-two of them (60 per cent) vere lower abdominal 
operations, in nine of which hysterectomy was performed, twenty-four (28 per 
cent) were vaginal operations, five (6 per cent) were operations on the 
breast, and in nine cases (10 per cent) radiotherapy was used, either in the 
form of intrauterine radium or external roentgen irradiation 

The age of the patients at the tune of the original surgical procedure is 
shown in Table II Forfy-five of these operations (52 per cent) vere per- 
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formed when the patient was aged 40 years or older, and m 17 of these 
instances (20 per cent) the patient was beyond the fifth decade of life 

It IS a striking fact that following 29 per cent of the original operations less 
than two years elapsed until the subsequent operation for ovarian cancer This 
interval was five years or less after 39 per cent of the original operations The 
distribution of the time intervals is shown in Table III 


Tabit II — Aeje of Paiicnis at Original Opciatwiis 


Age m Years Patients 


Under 20 

4 


20-24 

7 


25-29 

2 


30-34 

15 


35-39 

13 


40-44 

13 

1 


45-49 

15 



50-54 

7' 



55-59 

4 


45 

60-64 

4 

■ 17 

(52%) 

65-69 

1 

(20%) 


70-74 

jJ 

J 



Most of the ovarian neoplasms, as expected, were adenocarcinomas, which 
comprised 92 per cent of the total The remaining few tninois consisted of 
two teratomas, a dysgei ininoma, a fibrosarcoma, and a gynandroblastoma 
Because of current interest in the possible caicinogenic effects of ladiant 
energy, and for compai ison w ith a similar tabulation of patients with neoplastic 
disease of the uterine fundus (Speert and Peightal,^® I 949 )j ^ listing has been 
made of the patients in the present series vho had had pievious pelvic radio- 
therapy for conditions presumably unrelated to their eventual ovarian lesions 
These cases, nine in numbei constitute 3 5 pei cent of the entire series Table 


Table 111 —Time Iiifcixal Betweeu Original Opeiation and Subsequent Opciation foi 

Oz’aiian Cancer 


Interval m Years 
Under I 
1-2 

2- 3 

3- 4 

4- 5 

5- 10 
10-15 
15-20 
Over 20 


Patients 
111 25 
14/(20%) 
1 
4 
4 
16 
14 
4 
19 


34 

(39%) 


IV presents their mam features The patients ranged between 34 and 62 yeais 
in age at the time of irradiation, averaging 45 i years Five had been treated 
with intrauterine idcliuni, four wnth roentgen rays Their ovarian cancers were 
discovered between 2)4 and 23 years later, the average interval between irradia- 
tion and subsequent operation being 93 years 

Analysis of the individual cases on which this study is based has brought to 
light several instances in which conservatism seems to have been overdone, to 
the detriment of the patient Some of these cases are abstracted below 
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Case 3 — ^This patient underwent a multiple myomectomy at age 40 years Because 
of recurrence of her fibroids, hysterectomy and right salpingo-oophorectomj were per- 
formed nine r ears later, at age 49 Six years lattr routine physical examination revealed 
an abdominal tumor, which at operation was found to be a hopelessly extensive carcinoma 
arising from the left ovary The patient died a year afterw^ard 

Case 4 — This patient had her right o\ arj removed because of a cyst at age 50 Eight 
years later she complained of swelling of the abdomen and legs She died in uremia 
while under stud} Autopsj re\ealed a primary cystadenocarcinoma of the left ovarv 

Case 5 — This patient had a hjsterectomy for fibroids at age 47 Fue jears later 
she complained of abdominal pain and \omiting Exploratory laparotomy revealed an 
inoperable oianan carcinoma 

Case 6 — This patient had a curettage at the age of 35 years and another at the age 
of 39, both for menorrhagia At the age of 43 hysterectom> and appendectomv were 
performed, presumably for the same reason A year later she complained of indigestion. 



T ABLE 

IV — Or anait 

Tumois FoIIozi'wg Ptevious 

Pelvic 

In adiatioii 

Patient 

•Age 

Irradiation 

Dose 

Indication 

Interval 

(Years) 

Ovarian Tumor 

A. 

46 

Radium 

"> 

Menorrhagia 

23 

Cj stadenocarcinoma 

B 

51 

Radium 


? Cert ical 

6 

Adenocarcinoma 

C 

46 

Radium 

1800 mg h 

cancer 

Metrorrhagia 

5 

Cystadenocarcinoma 

D 

62 

Radium 

1800 mg h 

functional 

Endometrial 

21: 

Papillarj cjstadeno 

n 

40 

Radium(2r) 


polyp 

Mjomata 

22 

carcinoma 

No specimen 

r 

34 

X-rar 

7 treatments 

Ovarian c>=t 

2V2 

Papillary cjstadeno- 

G 

42 

X-rar 

45 min each 
Artificial 

Mjomata 

10 

carcinoma 

Papillary adeno- 

H 

36 

X-ra\ 

menopause 

Artificial 

Po'tpartum 

0 

carcinoma 

Papillary adeno- 

I 

•19 

X-ray 

menopause 

Artificial 

metrorrhagia 

7 

4 

carcinoma 

Papinar> ps^eudo- 



menopause 



mucinous cystadeno- 


carcinoma 


weakness and swelling of the feet Exploratorj laparotomj showed an inoperable cystade- 
nocarcinoma of the oiarj 

Case 7 — This patient had a supraiagina! hjsterectomj and left salpingo-oophorec- 
tom\ for fibroids at age 49 Two rears later, complaining of abdominal swelling, she w^as 
found to hare an inoperable pseudomucinous cj stadenocarcinoma Roentgeii-ray therapr 
prolonged her life another rear 

Case 8— This patient had a suspension of the uterus at age 50 Fourteen jears later 
she had a curettage and anterior and posterior colporrhaphr , but there is no record of 
the examination at that time A r ear later she began to complain of abdominal pressure 
At operation an adenocarcinoma of the Icit or ary rra= found 

Case 9— This patient had a hrsterectomr for fibroids at age 46 Fourteen rears 
later, six months alter the onset of abdominal ‘•welling, she underwent laparotomj for a 
tumor of the left orarv vhich wa‘- diagno-.cd pathologicallr as a fibro'^arcoma She died 

four month*- later 

A second group of cases illustrates the tragedies which mar result from 
diagnostic errors m the interpretation of pch ic masses m middle aged or elderlr 
women Trro such case‘- are presented below 
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Case 10— The patient, at age 71, had a curettage because of a brownish vaginal 
discharge A hard, fixed, nodular pelvic mass, extending half-way to the umbilicus, was 
believed to be a myomatous uterus Ascites developed soon afterward, and four months 
later the patient returned with inoperable carcinoma of the ovary 

Case 11 — This patient had a curettage for menorrhagia at age 45 A small fixed 
mass was palpated in the right fornix The patient died 3^4 years later, eight months 
after operation for a papillary pseudomucinous cystadenocarcinoma of the ovary 

A third category compnses cases in which surgical operations had been 
performed a short time before the ultimate detection of the ovarian neoplasm, 
and where careful inspection or palpation of the ovaries at the first procedure 
might have permitted earlier definitive therapy for the ovarian tumor Several 
illustrative cases follow 

Case 12 — Tins patient had a curettage at age 56 for postmenopausal bleeding, but 
the tissue obtained was insufficient for diagnosis Description of the pelvic examination 
was not recorded Eight months later she complained of abdominal pain Laparotomv 
revealed extensive adenocarcinoma arising from the right ovary 

Case 13 — This patient had an inguinal herniorrhaphy at age 62 She noticed begin- 
ning enlargement of the abdomen three months afterward In another three months she 
was found to have an inoperable carcinoma of the ovary 

Case 14 — This patient had a radical mastectomy for carcinoma at age 44 A year 
later she underwent laparotomy because of menorrhagia and a palpable pelvic tumor 
Extensive bilateral ovarian carcinoma was present 

Case 15 — This patient underwent a left radical mastectomy for carcinoma at age 
50 years A year later she complained of abdominal pain, when she was found to have 
a pelvic tumor At operation this proved to be a “melon-sized” papillary serous cystadeno- 
carcinoma of the left ovary 

Case 16 — This patient had a curettage at age 45 because of menorrhagia Pathologic 
report was endometrial hyperplasia The record of the examination under anesthesia 
mentioned only a retroverted uterus A year and a half later, when vaginal bleeding 
recurred, now with abdominal pain, the patient was found to have a pelvic tumor At 
operation this proved to be a cystadenocarcinoma of the ovaiy She died of a pulmonarj 
embolus a week after operation 

Case 17 — This patient had an appendectomy at age 4^ Sixteen months later she 
noticed that her abdomen was enlarging A large inoperable papillary cystadenocarcinoma 
of the left ovary arose from the pelvis and there was considerable fluid in the abdomen 
The patient died six weeks later 

Case 18 — This patient had a laparotomy at age 56 for repair of a vesicovaginal 
fistula which had resulted from an application of radium to the cervix five years pre- 
viously There is no recorded description of the internal genitalia A year later, com- 
plaining of abdominal pain, she was found to have massive ascites secondary to an mop 
enable pelvic carcinoma, probably primary in the ovary 


Case 19 — This patient, at age 19, complained of secondary amenorrhea, hirsutism, 
deepening of the voice, decrease in breast size and loss of weight Examination showed a 
masculine habitus, hypertrophied clitoris, and palpably normal uterus and adnexa Follow- 
ing extensive laboratory study, exploration and biopsy of the right adrenal was performed, 
all showing no significant pathologic change Three and a half years later her abdomen 
began to enlarge A pelvic tumor was now easily palpable Following its removal it was 
classified as a gynandroblastoma Reoperation a year later and radiotherap) failed to halt 
the malignant process 
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DISCUSSION 

The tabulations and illustrative case reports presented above permit certain 
suggestions for the prophylaxis and eailier detection of ovarian cancer Twenty- 
six per cent of our 260 patients with malignant tumois of the ovaries had 
undergone pievious operations which permitted either removal of the ovaries 
at that time or their inspection or palpation with the patient under anesthesia 
This figure agiees well with the 21 per cent incidence of previous relevant 
operations recently reported by Montgomery^^ ( 1948) m a study of 99 patients 
with primary ovarian cancer 

It would appear particularly significant that our patients were at least 40 
years of age at the time of 52 per cent of the original operations and in 20 per 
cent of the cases they had already passed their 50th birthday While fev 
modern gynecologists would subscribe to the radical teaching, espoused a 
generation ago by Graves, of removing the ovaries in all patients undergoing 
hysterectomy, there would seem to be little advantage in allowing a woman of 
50 years or more to retain her ovaries under circumstances which permit their 
easy removal 

The lower age limit for prophylactic ovariectomy must remain an individual 
problem, governed largely by the psychologic status of the patient There is 
greater than a one per cent chance that a woman of 40 years will die ultimately 
of ovarian cancer Few women over this age are unwilling to have their 
ovaries removed incidental to hysterectomy, for example, if the problem is 
discussed wuth them beforehand In unstable or frankly neurotic w^omen, the 
prospect of an abrupt 01 premature menopause may w'ell be a reasonable deter- 
rent to such a procedure The majority of normal w'omen, however, take their 
climacteric in stride, requiring only a minimum of help from sedative drugs 
and an understanding physician Even for the relatively small group of patients 
for whom endocrine therapy seems necessary, oral estrogens can now^ meet this 
need so easily, so effectively, and so economically, as to remove m large meas- 
ure the fear of the change of life long shared by patient and doctor alike 

Some of the tumois in the piesent series appealed wuthin so short a time 
after the original operation as to suggest the possibility at least of their having 
been present at that time Tw^enty-mne per cent of these operations v ere per- 
formed within tw^o )'-ears of the subsequent detection of the ovarian cancer and 
following 39 per cent of the operations the ovarian tumor w'as discovered wuthin 
five years These data reinforce our attitude concerning the desirability of 
prophylactic ovariectomy w^hen feasible and wdien acceptable They permit, 
furthermore, an enthusiastic endorsement of H S Crossen’s^ recommendation 
that “every opportunity afforded by anesthesia for a minor vaginal operation 
be utilized to make deep accurate palpation of the ovarian areas ” We would 
extend this recommendation to include vaginal examinations for middle aged 
or elderly w'omen w^hen anesthetized for other operations as w'ell Pierce and 
Slaughter (Cancer, i 46S-471, 1948) haA^e recently reached a similar con- 
clusion in a study of 100 women AMth breast lesions who were subjected to 

* Based on 1945 Vital Statistics of the United States 
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a gynecological survey Because of the high incidence of pelvic disease in 
this group of patients they concluded that it was "the duty of the general sur- 
geon to include a pelvic examination in the investigation of every woman 
with a breast lesion ” About 70 per cent of all ovarian neoplasms are malignant 
m women ovei age 50 years (Shands and Clark, ^2 1541)^ and there is no other 
simple ^\ay to detect these silent tumois in their incipiency Any palpable 
ovarian enlaigement in women of this age gioup should require laparotomy for 
its removal Cases 10 and 11 illustrate the tragedies which ma) result from 
misinteipretation of pelvic masses in middle aged or elderly women 

Abundant experimental evidence attests the el¥ectiveness of radiant energy 
in inducing ovarian tumors, particularly of the granulosa cell type, in mice 
(Furth and Butterworth,® 1936, Traut and Butterworth,^'* 1937, Geist, 
Games and Pollack,® 1939, Furth and Boon,"* 1947, Lorenz, Eschenbrenner, 
Ffeston and Deringer,^” ^ 947 ) The clinical literature also cites several cases 
in which ovarian cancers have appeared in w omen subsequent to pelvic irradi- 
ation for benign conditions (Werner,^® 1925, Vogt,^** 1926, Flaskamp,'* 193O) 
Traut and Marchetti,^® 1940, Vogt,^^ 1941, Burnam,^ 1942, Crossen and 
Crossen,"* 1947, Montgomery 1948, Husslein,® 1948) To this group ve 
can add nine additional cases (Table IV) This number constitutes only 35 
per cent of oui patients with ovarian cancer and is significantly less than the 
8 per cent incidence of previous pelvic iiiadiation in patients with malignant 
tumois of the coipus uteri (Speert and Peightal,^® I 949 ) Moreover, only two 
instances of ovarian cancel have come to light among a total of 958 patients 
in whom a ladiotheiapeutic menopause has been induced in this clinic and who 
were f olloived for an average of 6 7 years 01 a total of 6,402 person-yeai s 
(Corscaden, Fertig and Gusbeig,- 1946) These facts suggest no relationship 
between ovarian neoplasms and previous pelvic radiotherapy In 359 
(37 per cent), howevei, the folloiv-up period was less than t\io years Our 
observations, therefore, are not completely satisfactory since radiant energ}* 
lequiies a long latent peiiod, often 20 years or more, for the manifestation of 
its carcinogenic effect, even on tissues of knoivn susceptibility such as skin 
The question must be regarded as unsettled at piesent available data seem to 
provide no cleai evidence that ladiant energy is carcinogenic foi the human 
ovary 

SUMMARV 

1 A significant propoition of ovarian cancels can be prevented by routine 
ovariectomy in women undergoing pelvic laparotomy This prophylactic 
measure is recommended for most patients over 40 yeai s of age 

2 Among 260 consecutive patients with primary ovarian cancel 26 per 
cent had had previous relevant opeiations These included surgical procedures 
involving the pelvis, lower abdomen vagina and breast, and pelvic radio- 
therapy The patients were 40 years or older at the time of 52 per cent of the 
original operations and in 20 per cent they were aged 50 01 more The ovarian 
tumors were discovered within two years of 29 per cent of the original 
operations 
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3 It IS recommended that every opportunity be utilized for pelvic exam- 
ination undei anesthesia of all middle aged or elderly women and that all pal- 
pable adnexal masses m postmenopausal women be considered an indication 
for exploiatoiy laparotomy 

4 No causal relationship was found beH\een irradiation and human ovarian 
cancer 

The author acknowledges with thanks data as well as helpful suggestions furnished 
bv Dr James A Corscaden 
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RATIONALE OF THERAPY IN ACUTE VASCULAR OCCLUSIONS 
BASED UPON MICROMETRIC OBSERVATIONS^'t 

Wayne B Martin, M D , Harold Ladfivian, M D , Ph D , 

AND 

St vnley W Tuell, M D 

Chicago, Ii.t 

FROM THE DEPARTMENT OF SURGCR\, NORTHWESTERN UNIVERSITT MFDICAE SCHOOL 

In A PREVIOUS COMMUNICATION we have described our technic for measur- 
ing the changes in cahbei of tlie small vessels of a vascular tree following main 
stem occlusion All observations were made on mesenteric A'essels using a 
Knisele}^ fused quaitz rod tians-illummation apparatus emplo 3 'mg a constant 
temperature tissue bath with loanable volume flow Young, small dogs were 
used and intiavenous nembutal anesthesia uas employed A special lucite tra> 
held the dog’s mesenteiy in a nonstretched position, submersed in constantly 
circulating mammalian Ringer’s solution at body temperature The microscope 
was fixed on small vessels A small precapillary artery and vein running side 
by side were chosen for obseivation, the aitery measuring from 054 to 144 
mm m the various animals and the vein from 090 to 288 mm We found that 
the behavior of small aiteries and veins followed moie or less constant patterns 
of change in caliber puisuant to a mam stem occlusion and after its release 
For purposes of orientation, these patterns wall be reviewed briefly 

Following clamping of the superior mesenteric artery, both the small artery 
and vein undei observation diminished m caliber After release of the occlu- 
sion the small artery remained in moderate spasm foi a short period of tune 
befoie leturmng to the control caliber This phenomenon we termed residual 
vasospasm It occuried in the presence of grossly visible leactive hyperemia 
of the involved intestine 

Followung clamping of the supeiior mesenteric vein, the small veins became 
dilated, w'hile the small aiteries exhibited a marked diminution in caliber After 
release of the venous occlusion, temporar}' residual vasospasm in the small 
artery w^as again noted As the arteiy leturned to its control caliber, the 
engorged vein also regained its control diameter 

These patterns were demonstrated in 110 observations on 61 animals The 
only differences which occurred were m the extent of change the pattern 
seemed constant We have termed the diminutions in caliber “spasm” because 
of certain evidence to substantiate the use of this teim Further evidence to 
support this viewpoint is presented in this paper 

The purpose of this report is to describe the variations imposed on these 
patterns by the actions of certain therapeutic measures in common use today 

* Submitted for publication, December, 1948 

f Read before the Forum on Fundamental Surgical Problems, 34th Annual Clinical 
Congress of the American College of Surgeons, Los Angeles, California, October 22, i 94 ^ 
Aided by a grant from the Lois C Grunow Surgical Fund 
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All our observations were made by direct microscopic measurement, using a 
Leitz micrometer installed into the lens system of the microscope Since ve 
employed direct micrometry, we felt that we might be able to furnish direct 
evidence pertaining to the influence of various forms of therapy on vessel 
caliber in acute vascular occlusions Much of the therapy m vogue today is still 
controversial, as evidenced by conflicting leports in the literature over the past 
ten years Further, there is confusion concerning basic vascular physiology 
following vascular occlusions This situation probably exists because most of 
the conclusions have been arrived at by indirect measurements 

To illustrate one phase of this pioblem — the question of the existence of 
venospasm following venous occlusion or thrombophlebitis — we should like to 
quote from some of the most recent authors 

Allen, Barker and Hines in their recent book on peripheral vascular disease^ 
have said 

“There seems to be some disagreement with regard to the incidence of 
arteriospasm m cases of ileofemoral thrombophlebitis It certainly occurs 
m occasional cases during the acute phase of the disease and may be so 
severe that pulsations m the larger arteries disappear for several hours 
after the clinical onset of the disease Although some data indicate sympa- 
thetic innervation of veins, the theoretic possibility of spasm of venules in 
cases of ileofemoral thrombophlebitis is not supported by clinical evidence 
It IS extremely difficult to understand how spasm of the venules can take 
place in the presence of intense congestion and obvious distention of 
small veins ” 

In his investigations on venospasm, de Sousa Pereira^ has indicated that 
venospasm following thiombophlebitis is responsible for much of the pain 
Sympathetic block resulted m relief from venous pain foi a period longer than 
the anesthetic action of the diug employed This suggested that venospasm 
may play an important role in the mechanism of pain under such conditions 
This author also demonstrated active constriction in the veins in thrombo- 
phlebitis In a recent review, White^® has stated 

“The importance of sympathetic innervation of the veins is still uncer- 
tain While numerous nerve fibers ai e pi esent in then v alls, it is not known 
how active a role they play m regulating their caliber Definite dilatation of 
the veins of patients with thrombophlebitis is cleaily shown in contrasting 
venograms taken before and after piocaine block This clear demonstration 
of increased venous flow, although most convincing evidence of the thera- 
peutic value of procaine block, does not prove that the increased diameter 
of the veins is due to release of spasm m their walls Exactly the same 
result would follow increased arterial inflow and secondary distention ” 

Ho\vever, White reports that de Sousa Pereira illustrated an increase m 
caliber of the internal saphenous vein in phlebograms taken before and after 
the intravenous injection of procaine in a single patient White comments, 
“This should not have increased arterial inflow, and, therefore, constitutes 
fairly convincing evidence that a certain degree of active neurogenic \enous 
constriction may be present ” 
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In oiu experiments repoited below we measuied the caliber of the small 
vessels following venous occlusion and arterial occlusion in the presence of 
S} mpathectomy and compai ed these measurements wnth the control pattern In 
othei experiments w'e utilized oxygen, papaverine and teti aethylammonium 
chloiide, and made comparable measurements Ohseivations w’ere also made 
on the effects of anticoagulants 

We wash to emphasize that our measuiements lepresent vessel caliber onh, 
and no attempt is made m this leport to con elate vessel caliber with local blood 
flow, local blood pressuie, local pulse v'olume oi local temperature 


Vetioue Ofrclu-ftioiv 



Fig I — Micrometiic pattern of responses m small ^essel caliber following acute venou 
occlusion with various forms of therapy Conti ol After occlusion of mam stem '• ^ 
artery (A) goes into reflex spasm while the vein (V) becomes moderately dilated '-'P° 
release of the occlusion, there is a period of residual spasm m the artery while tne v 
returns to pre-occlusion caliber SyinpatJicctoiiiy abolishes all reflex arterial spasm , 

as the residual arterial spasm following release of the occlusion The vein becomes di a 
to a diameter exceeding that of the control during occlusion 100% orygen h^ no e 
on the pattern of vasospasm in venous occlusion (compare with control) Fapave i , 
given during reflex arterial spasm, abolishes some of the spasm After ^^'ea^ o 
occlusion there is no phase of residual spasm Tetracthylammomim L 

given during reflex arterial spasm abolishes some of the spasm m only 50% 01 
(cross-hatched area) After release of the occlusion there is no phase of residual sp 
( See text for further details ) 


EFFECT OF SYMPATHECTOMY ON V^'ESSEL CALIBER IN 
ACUTE VENOHS OCCLUSION 

Techmc Since all our observations w'cre made on mesenteric v^essels, local 
sympathectomy could be accomplished b}'^ the simple expedient of stripping the 
main stem of the superior mesenteric vessels It is knowm that the sympathetic 
nerves to the mesenteric vascular tree follow the mam stem vessels instead 0 
entering the branches m a segmental manner as in the extremities Occlusions 
were produced by placing a rubber-tipped clamp on the superior mesenteric 
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vein The controls ior this expenment consisted of 33 venous occlusions in 
unsympathectomized dogs, reported in our pievious communication After a 
contiol peuod of observation of about one hour, venous occlusions were made 
lasting from 30 minutes to one hour 30 minutes Post-release observations were 
made up to 2 hours 15 minutes 

Results Occlusion of the deneivated superior mesenteiic vein was carried 
out in 10 dogs In no instance did occlusion result in spasm of the small 
arteries This finding was in diiect contrast to the uniform production of 
arterial vasospasm which occurred following venous occlusion in the intact 
specimens 

The small veins m the contiol series were always moderately dilated follow- 
ing venous occlusion In the sympathectomized animals, this dilatation was 
appieciably magnified 

Discussion It appeared that when the nerve fibers were stripped from the 
vein, reflex vasospasm in the concomitant aiterial tree no longer occurred 
This would support the evidence that the sympathetic fibers associated with 
veins cairy afferent impulses The fact that theie was an additional dilatation 
of the veins following venous occlusion when the nerves were severed, implies 
that consideiable tonus exists in venous occlusion, despite the dilatation by back 
piessure It is our impression that when the efferent impulses responsible for 
this tonus can no longer reach the vein wall, additional dilatation is permitted 
Theie is no reason to assume the venous pressure m sympathectomized 
occluded veins is any diff ei ent from that in intact occluded veins Tins finding 
indicates, then, that the sympathetic fibers of veins normally carry efferent 
impulses also Fuithermore, in venous occlusions, the question of whether 
actual venospasm exists seem dependent upon a balance of two opposing forces 
(1) the ability of the vein to contract on stimulation of its nerve libers by the 
occlusive irritant, and (2) the pressure head of the blood in the blocked venous 
system Because of the thin muscular coat of these vessels, the latter outbal- 
ances the former 

It can be infeired from our measurements that interruption of the sympa- 
thetic fibers IS of value in increasing the caliber of the concomitant arterial 
tree in acute venous occlusions The fact that sympathetic denervation allows a 
greater dilatation of an already dilated venous tree might imply a state o 
increased tonus in the presence of acute venous occlusion, which tonus is 
released upon denervation 

EFFECT OF SYMPATHECTOMY ON VESSEE CALIBER IN ARTERIAL OCCLUSION 

Techmc The controls for this senes consisted of arterial occlusions made 
on 21 dogs repoited previously^- The main stem of the superior 
artery was stripped of its adventitia and the rubber-tipped clamp was p ace 
this area after a period of conti ol observation as described above r ^ 
occlusions were made lasting from 5 minutes to 64 minutes 
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Results Occlusion of the denervated mesenteric artery was carried out 
in 14 dogs The pattern of behavior of the small vessels consisted of no change 
in caliber of eithei the aiteiy or vein during the period of occlusion as com- 
pared to the pre-occlusion caliber This was in contiast to the repeated obsei- 
vation of seveie spasm m the small arteiy and modeiate spasm m the small 
vein followung arterial occlusion m the unsympathectomized animals 

Upon release of the occlusion there was also no change m caliber of the 
artery or vein in 9 (64 2 pei cent) of the animals In the remaining 5 animals 
(35 8 per cent) there w^as a fleeting peiiod of actual dilatation m the small 
artel les immediately followung release of the arterial occlusion 


Arterial Oftclusion. 



Fig 2 — Micrometnc pattern of responses in small vessel caliber following acute 
arterial occlusion after various forms of therapy Conti ol After occlusion of the mam 
stem artery, the artery (A) goes into marked spasm while the vein (V) exhibits a mild 
degree of spasm Upon release of the occlusion, there is a period of residual spasm in the 
artery and a similar period in the vein Sympathectomy abolishes all spasm in both arteij 
and vein, during occlusion as well as after release In some cases, reactive hyperemia is 
reflected in the caliber of the small artery after release of the occlusion (Cross-hatched 
area ) 100% oxygen has no effect on the pattern of vasospasm m arterial occlusion 
Papaveime, given during arterial occlusion, has no effect on arterial spasm After release 
of the occlusion, the drug abolishes residual spasm Teti aethylammomum Chloiide (Efa- 
mon), given during arterial occlusion has no effect on arterial spasm After release of the 
occlusion, the drug abolishes residual spasm (See text for further details ) 


Discussion The fact that there w^as no diminution in caliber of the small 
arteries followung arterial occlusion in s)’’mpathectomized specimens indicates 
that arterial caliber is not altogether dependent upon blood flow^ On the 
contrary, arterial caliber seems dependent mainly on s} mpathetic conti ol In 
both the conti ol and the sympathectomized animals the arterj was completel} 
occluded, and the inflow of arterial blood was reduced to zero in each case 
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Diminution in calibei occuried when the neives weie intact, but was absent 
when the neives were cut Consequently it would appear that this response 
IS an active one and dependent more upon the stimulation of the sympathetic 
reflex arc than it is upon the pressure giadient within the vessels We there- 
fore feel justified m terming the diminution in caliber spasm If the caliber of 
the vessel were solely dependent upon blood flow within it, this term would 
not be justified 

Upon the release of an artei lal occlusion m a sympathectomized vessel there 
may be a peiiod of actual dilatation in about 1/3 of the cases This dilatation is 
concuirent with the period of reactive hyperemia Thus the spasm of small 
aiteries during leactive hyperemia in non-denervated specimens appears to be 
a compensatory mechanism undei the influence of sympathetic control In the 
experiments of Eichna and his co-workers^ it was found that reactive hyper- 
emia was observed after sympathectomy, but no comment was made as to the 
extent The results of our experiments indicate that after sympathectomy, 
reactive hyperemia might actually be iiici eased m extent 

In summary, our expeiiments with acute aiterial and venous occlusions 
with and without sympathectomy have indicated that there are afferent as well 
as efferent fibers m both arteries and veins, and that these fibers aie largely 
responsible for the patterns of response following occlusions In venous occlu- 
sions the pressure giadient of blood flow appears to play a predominant role in 
deciding the caliber of the small veins, since these vessels are thin-walled and 
probably do not carry a very heavy sympathetic inneivation On the other 
hand, the pressure gradient of blood flow m artei lal occlusions appears to play a 
secondary lole to the piesence or absence of sympathetic stimulation of the 
arterial tree 

Although it IS hazai dous to draw parallels too closely between experimental 
obseivations and clinical implications, it would appear that the rationale for 
sympathectomy or sympathetic procaine block in acute venous occlusions is 
based primarily on the release of reflex artei lal spasm 

In acute arterial occlusions, sympathectomy eradicates vasoconstrictor 
impulses and thereby prevents vasospasm However, a direct clinical applica- 
tion of this fact may occasionally be fraught with danger For example, if 
sympathectomy is performed on a patient whose limb is precariously surviving 
following an acute arterial occlusion, surgical sympathectomy may reduce 
blood pressuie temporaril)'-, sufficient to endanger the suivival of the limb 
Two such cases were recently demonstrated It might be better to apply our 
findings in such cases as an indicatoi for repeated procaine blocks to paralyze 
the sympathetic ganglia, rather than for suigical extirpation In less crucial 
instances, sympathectom}'^ would seem to be indicated A limb n Inch has been 
the seat of chronic vasculai disease for a considerable period of time prior to 
acute occlusion may benefit moie from sympathectomy than an otherwise 
normal limb suddenly deprived of most of its blood supply 

Sympathectom} directly releases vasospasm, but has onl) an indirect effect 
on blood flow We have obseived microscopicall)'^ several instances in which 
the rate of flow' actually appealed slowei following s) mpathcctomi than it did 
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before The rate of flow bore neither a direct nor inverse relationship to 
vessel caliber but seemed to depend mainly on other factors, such as blood 
pressure 

Upon the removal of an occlusion from a sympathectomized vessel, there 
was no phase of residual vasospasm This would seem to substantiate the use 
of repeated sympathetic blocks after embolectomy 

EFFECT OF OXYGEN THERAPY ON VESSEL CALIBER IN 
ACUTE VENOUS AND ARTERIAL OCCLUSIONS 

Teclimc One hundred per cent oxygen was administered by intratracheal 
catheter to eight animals with main stem vascular occlusions Four were 
arterial occlusions and four were venous occlusions In three of the animals 
(two arterial, one venous) the oxygen was begun before the occlusion In three 
(two venous, one arterial) the oxygen was given simultaneously with the 
release of the occlusion In two (one arterial, one venous) oxygen was begun 
just after the occlusion w'as made 

Results In no instance did oxygen produce an observable effect on the 
expected responses in vessel caliber during or after release of the occlusion 
whether it was arterial or venous The pattern of response in the small vessels 
was identical with that in the animals which received no oxygen 

Discussion Some 20 years ago Chase'^ suggested the use of oxygen inhala- 
tion as a therapeutic measure in the revival of strangulated intestine Recently 
this method was again advocated for the recognition of viability in a loop of 
bowel whose circulation had been impared, as well as a form of therapy for the 
revival of such a segment Our reason for performing this experiment arose 
from the fact that for many years physiologists have found that oxygen is of no 
value m the type of anoxia distal to a vascular occlusion (stagnant anoxia) 
Our observation that oxygen had no direct effect upon the pattern of vasospasm 
during or after acute vascular occlusions seemed to be at variance with the 
findings of the recent writers This discrepancy can probably be explained by 
the assumption that the improvement in color of released strangulated bowel 
by oxygen inhalation occurred because the patients were under the influence 
of inhalation anesthesia The diminution in oxygen intake under such condi- 
tions would result in a state of anoxic anoxia of a moderate degree Hence in 
such clinical instances there could be superimposed upon the stagnant anoxia o 
occlusion, a state of anoxic anoxia It is well knowm that the administration o 
oxygen is beneficial in states of anoxic anoxia However, this increased oxj' 
genation of the blood flowing to a given part apparently has no bearing upon 
the caliber of the vessels in that part A further beneficial effect upon loca 
circulation might perhaps be attributed to better oxygenation of the heart 
muscle^® inducing it to improve the general circulatory status of the patient 

Thus our findings indicate that oxygen therapy has no effect in dilating t e 
vessels of tissues which have been released from vascular occlusions An im 
provement in the oxygenation of such tissues might be seen in instances m 
which there has been a state of anoxic anoxia superimposed Oxygen appears 
to have no direct effect upon vessel caliber during or after stagnant anoxia 
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EFFECT OF PAPAVERINE HYDROCHLORIDE ON VESSEL CALIBER 
IN ACUTE VENOUS AND ARTERIAL OCCLUSIONS 

Techmc Papaverine hydrochloride was administered by slow injection into 
a peripheral vein using ^2 grain doses for dogs weighing about 5 kilograms 
The drug was administered at the height of arterial vasospasm during the 
occlusions 

Results (1) Venous occlusions Papaverine hydrochloride was adminis- 
tered to SIX animals during venous occlusion It had a moderate effect m all 
animals, releasing some, but not all, of the spasm m the small arteries The 
drug had no effect if given after the blood had ceased flowing through the small 
arteries Once thrombosis of the small vessels occurred, the drug had no effect 
The dilating effect of the drug became more pronounced upon release of the 
occlusion, eradicating the phase of residual spasm which would have otherwise 
occurred 

(2) Arterial occlusions In none of six instances was papaverine found 
to have an effect on the caliber of the small arteries during arterial occlusion 
In two instances of arterial occlusion the injection of papaverine was followed 
by an increase in the iate of flow in the arterial bed in the microscopic field, but 
there was no effect on the caliber of the vessels At the conclusion of these two 
experiments further dissection at the site of application of the occluding clamp 
revealed that theie existed a small collateral vessel proximal to the point of 
occlusion in each instance 

Once an arterial occlusion was released, papaveiine eradicated the phase of 
residual spasm 

Discussion Papaverine hydrochloride is a drug which apparently acts 
directly on the muscle fiber within the muscle w'all Its action is not dependent 
upon the integrity of the sympathetic nerves Laufman and Method^^ have 
indicated that there w'as a definite gross color response to therapeutic doses of 
papaverine following the release of a still viable loop of bowel from sti angula- 
tion Our present observations indicate that the drug is of some value in 
releasing reflex arterial spasm in acute venous occlusions, providing the diug is 
used before thrombosis of the smaller vessels becomes widespread It is also of 
value in obliterating the phase of residual vasospasm follow ing release of vas- 
cular occlusion of either the arterial or venous type The drug is of no value in 
acute arterial occlusions except when there are collateral vessels proximal to 
the occlusion wfiuch might be dilated sufficiently to carry an additional blood 
supply to the part Conceining this point Ave believe that the collateral vessels 
in the vicinity proximal to an occlusion respond to the occlusive irritant by 
reflex spasm at the time of occlusion Once the a asodilating effect of papaverine 
is exerted, the collateral A'-essels can carry a larger load This could account for 
the increased rate of Aoaa in the vessels under the microscope in the tAvo cases 
cited above 

It AA ould appear, therefore, that papaverine should continue to sen^e as a 
useful adjunctiA’-e treatment in clinical instances of acute venous and arterial 
occlusions In venous occlusions it aviII release some of the reflex vasospasm in 
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the small arteries providing it is used before the blood flow in these vessels 
becomes arrested In arterial occlusions its value will depend upon the presence 
or absence of collateral arteries to the part In either case it should be valuable 
in eradicating residual vasospasm following removal of an occlusion (i e , fol- 
lowing embolectomy) 

EFFECT OF TETRAETHYLAMMONITJjM CHLORIDE (eTAMON) ON 
VESSEL CALIBER IN VASCULAR OCCLUSIONS 

Teclimc Tetraethylammonium chloride was administered by slow injection 
into a peripheral vein using from ^ to 1 cc of the drug for dogs weighing 
about 5 kilograms The drug was administered at various stages of arterial 
vasospasm during both venous and arterial occlusions It w as found that this 
drug had to be injected very slowly m order to obtain a therapeutic effect If it 
was injected too rapidly there was a reversal of effect which will be described 
below 

Results (1) Venous occlusions In 19 mam stem occlusions ve found 
that tetraethylammonium chloride was able to release the reflex arterial spasm 
in 10 (53 per cent) of the animals In these animals the drug was injected 
equally slowly and therefore we consider these findings valid In three of the 
nine remaining animals arterial spasm vas uneffected during the occlusion, 
while m SIX there was a slight but insignificant response Upon release of the 
occlusion in the entire group, the phase of residual spasm was usually erad- 
icated In one instance the drug w’as injected immediatel} upon release of the 
occlusion w'lth an equivocal result 

Once the shock state became obvious, the drug w^as found to have no effect 
on the caliber of the vessels Moreover, if the drug w^as injected too rapidly the 
small vessels exhibited a striking degree of vasospasm wnthin a few^ minutes 
This spasm persisted for as long as 30 minutes or until the animal recovered 
from the shock state None of the animals exhibiting this reversal of effect are 
included in the figures quoted above As was the case w'hen other therapeutic 
measures w^ere employed, no effect was noted if tetraethylammonium chloride 
w'as injected after circulation in the small vessels became arrested 

(2) Arterial occlusions In no instance of eight arterial occlusions was 
tetraethylammonium chloride successful in releasing the state of arterial spasm 
No collateral vessels existed m any of these cases Once the occlusions were 
removed, how ever, the phase of residual spasm w as usually eradicated 

Discussion Since the original claims of Berry and associates^’ w’ere 
published, several controvei sial reports'" have appeared in the literatuie The 
action of the drug is that of an autonomic blocking agent It has been sug- 
gested^” that the effect of this drug is roughlj proportional to the degree of 
vasoconstrictor tone and that the magnitude of the response is greater in cases 
in wdiich the tonus is increased This concept is apparently tenable "where the 
tonus throughout the entire body is of almost equal magnitude Deductions 
from our obseiv^ations would indicate that this concept must be revised when 
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applied to local stimulation of vasoconstrictor fibers, as occurs in acute vascular 
occlusions We conceive that the drug, by acting upon all ganglia in the body, 
has a lesser effect upon those ganglia harboring a powerful stimulus from an 
occlusive irritant than it would have upon normal ganglia This, in effect, 
would be a distribution along “paths of least resistance ” Thus, in an instance 
of acute vascular occlusion the action of the drug would dissipate itself through- 
out the body without being able to “bieak through” the area m which it was 
most needed If its action resulted in a general drop m blood pressure, a harm- 
ful effect might result in the area already suffering from a diminished blood 
supply If the drug is injected too lapidly and a lowering of the blood pressure 
ensues, the same effect might result This was reflected m our measurements 
by an actual diminution in caliber of already spastic vessels 

In venous occlusions where the afferent stimulation is apparently not very 
great, we found that the drug has a beneficial effect m approximately 50 per 
cent of cases However, in arterial occlusion where there is a much stronger 
afferent stimulation, the drug m therapeutic doses was not able to induce an 
increase in caliber of the vessels concerned When collateral circulation is avail- 
able the drug apparently has a favorable effect in dilating these channels,** 
especially if the vessel is sectioned surgically, thus eliminating the presence 
of an occlusive irritant In such a case the afferent stimulation of an occlusion- 
in-continuity is not present In our arterial occlusions no collaterals existed 
and the occlusive irritant (clamp) persisted We feel that our observations on 
the use of this drug in acute vascular occlusions might help to explain some of 
the paradoxical effects found in clinical experiences with the use of this drug A 
recent leport from Mayo Clinic (3) can be intei preted to bear out our concept 
of the action of this drug in acute vascular occlusion In this report the drug 
was found to have a more lasting effect m lowering blood pressure after a 
Smithwick sympathectomy than it was possible to obtain before the operation, 
perhaps indicating that a stronger paralyzing effect from a given dose of the 
drug can be exerted when there are fewer ganglia remaining upon which the 
drug can act 

The clinical efficacy of tetraethylammonium chloride will depend on the 
several factors mentioned above 

EFFECT OP ANTICOAGULANTS IN ACUTE VASCULAR OCCLUSIONS 

We observed that vasodilating agents could exert their effects on small ves- 
sels only when these vessels were free of thiombosis Although thrombosis did 
not appear uniformly thioughout the small vessel bed, the vessels thus involved 
would no longer respond to therapeutic measuies Further, we found that we 
could produce “sludge” at will in the small vessels distal to an occlusion within 
a relatively short time We therefore performed a controlled experiment, 
reported in a previous communication,^*- to investigate the effects of anticoag- 
ulants on sludge formation as well as on thrombus formation For this experi- 
ment, venous occlusions v ere used exclusivefi , since the process v as usually 
more giadual than in the arteiial occlusions and could be followed more closely 
The results v ill be reviewed here briefly 
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The animals were divided into four groups of six dogs each Group I con- 
sisted of untreated controls in which venous occlusions were produced , Group 
II received heparin aftei the appearance of sludge formation, Group III 
received heparin before venous occlusion , the animals in Group IV were given 
dicoumerol over a period of thiee days prior to venous occlusion 

Oui observations indicated that sludged masses of blood cells serve as a 
matrix for thrombus formation, piovided the other conditions favoring throm- 
bosis are present When anticoagulants are administered m doses known to be 
clinically effective, yet comparatively safe, thrombosis does not generally occur 
in the small vessels distal to an occlusion, but such doses do not prevent the 
formation of sludge 

It appears that the administration of anticoagulants prevents thrombus 
formation in the piesence of sludge by preventing the sludged masses of cells 
from becoming adherent to the endothelial lining of the vessel Although anti- 
coagulants may cause some diminution in the tenacity of the adherence of the 
blood cells to one another, sludge foimation, as such, is not prevented 

When heparin was used in conjunction with vasodilating measures, the 
effects of the lattei on vessel calibei were not noticeably magnified, but throm- 
bosis in small vessels was delayed This allow ed the vessels to remain patent 
If a vasodilating measuie exerted an effect, such an effect was noted only m 
vessels w Inch w'ei e patent 

We w'ere struck by the fact that sludge formation usually appealed within 
10 to 20 minutes following a venous occlusion, and thiombus formation w'as 
noted in some of the small vessels, especially in the capillaiies and venules as 
early as 30 minutes aftei the appeal ance of sludge The impoitance of early 
anticoagulant theiapy in occlusive vasculai states therefore appears obvious 


DISCUSSION 

There has been some discussion in the recent literature conceining the 
interpi etation of attempts at generalized vasodilatation as a therapeutic measuie 
m localized vascular disease DeBakey and co-w'Oikers^ have revived the bor- 
rowung-lending” phenomenon as an explanation for the behavior of the blood 
in the presence of localized vasodilatation They found that tetraethylam- 
monium chloride wms unable to lelieve pain-induced local vasospasm because 
the generalized effect of the drug did not result in the shifting of blood to the 
affected part The tune-honored principle that blood shifts back and forth from 
one part of the body to the othei depending on local needs has been labeled by 
these authors, “hemometakinesia ” Regaiding the use of vasodilatois wuthin 
the scope of this concept, they have said 


“Indeed, we have yet to find a general vasodilator which could produce 
in a local part, such as the toes, fingers, foot, hand or extremity, vasodila- 
tation equal in degree or duration to that produced by sympathetic dene - 
vation of this part ” 


Our observations and measurements support this statement It is our 
impression that the active release of a given vasospastic impulse is the primary 
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feature while the flow of blood into a now larger vascular bed is the secondary 
feature Drugs \Mth generalized action like tetraethylammonium chloride 
acting upon the ganglia or papaverine acting on the periphery, are each consid- 
erably weaker in total effect in releasing local vasospastic impulses than is the 
direct paralysis of the nerves by procaine However, tetraethylammonium 
chloride is able to overcome certain mild local vasospastic impulses despite its 
generalized activity, such as the reflex spasm m some cases of venous occlusion , 
thus even if its action lesults in a lowered blood piessure, the temporary block 
of the ganglion m question may be all that is necessary in some cases to release 
the spasm After this occurs, the increased blood flow^ might suffice to maintain 
an improved circulatory status to the part 

We certainly agree wnth DeBakey and co-workers that in doses large 
enough to equal the effect of a local S3mipathetic block, tetraethylammonium 
chloride is dangerous as a shock-producing drug Similarl}’’, if papaverine is 
not injected ver}"- slowly, it too, causes untow'ard effects, such as temporarj’^ 
stimulation of respiration and piecipitous drops in blood pressuie We noticed 
further that tetraethylammonium chloride in excessive doses causes fecal and 
urinary incontinence The shock state under such conditions w ould counteract 
any beneficial measure obtained by the use of generalized ^asodllators We 
have obseived that generalized vasodilators, whethei they act upon the ganglion 
01 upon the vessel w'all (provided they can reach this area), are too w'eak in 
non-shock-producing doses to overcome vasoconstrictor impulses of great mag- 
nitude, but are able to release the relatively w'eaker impulses in some cases 

SUMMARY 

Direct miciometi} of small vessel caliber was employed to determine the 
effects of various therapeutic measures on the pattern of behavior of these 
vessels following mam stem vascular occlusions 

Experiments with sympathectomized specimens indicate that the afferent 
and effeient fibers of lioth arteiies and veins are largely responsible for the 
patterns of response followung occlusions, wdiile the pressuie gradient of blood 
flow^ through the vascular tree becomes important only wdien the spastic 
impulses are w'eak enough to be oveicome by the intravascular pressure Such 
a situation accounts for venous engoigement dining venous occlusion in the 
presence of inci eased tonus in the vein wall 

Oxygen thei apy w as found to ha\ e no effect on vessel caliber 
Papaveiine hi drochloride was found to be of value in releasing some of the 
reflex arterial vasospasm in venous occlusion if used before thrombosis 
occurred In aiteiial occlusions, the duig was of value only when collateral 
arteiies existed above the occlusion Once an occlusion was released, the drug 
w'as able to eradicate residual spasm in the small vessels 

Tetiaethylammoniiim chloride in non-shock-producing doses was able to 
counteiact the vasospastic effects following acute \enous occlusion in only 50 
percent of cases, while in acute arterial occlusions it w^as entire!} without value 
An interpietation of these findings is offered 

Sludge foimation is found to occur within a relatneh short tune after either 
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arterial or venous occlusion This phenomenon appears to be a precursor to 
thrombosis Heparin and dicoumerol prevent thrombus formation in such 
cases, but do not altei the character of sludge appreciably The fact that vaso- 
dilating agents are not capable of producing a favorable effect in thrombosed 
small vessels, implies that the use of anticoagulants be an integral part of 
therapy in acute mam stem occlusions 

Regional sympathetic denervation eradicates the pattern of small vessel 
spasm to an extent unequalled by the generalized vasodilators employed How- 
ever, once an occlusion is released, such generally acting drugs are usually able 
to counteract residual vasospasm 

Our evidence indicates that the regulation of aiterial caliber following 
occlusions IS primarily an expression of sympathetic stimulation and second- 
arily that of blood flow 
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THE TREATMENT OF CARBUNCLES BY THE 
LOCAL INJECTION OF PENICILLIN* 

Thomas H Bate, M D 

Phoekix, Aiuzoita 

The purpose or this paper is to present the results of a new method in 
the treatment of carbuncles The true carbuncle with extensive involvement 
of the subcutaneous tissue and multiple draining sinuses through the under- 
lying skin presents a surgical problem of major importance A great many 
patients suffering from carbuncle are also the victims of diabetes, nephritis, or 
other debilitating diseases, which on occasion complicate the management and 
must be treated along with the carbuncle Carbuncles have been treated by 
such methods as hyperemia, as suggested by Bier,^> ^ injection of antiseptics 
into their centers,® ointments,'* vaccines,® injection of autogenous blood,*' 
roentgen-ray therapy,’*'’ ® conservative-*® and radical surgery,** and actual 
cautery,*® but the protracted morbidity, the mutilating scarring, and the fre- 
quency of complicated sepsis or metastatic pus foci warrant the attempt of new 
method or methods to prevent these conditions 

Florey and Fleming*® in their early work pointed out the fact that penicillin 
IS more efficacious when used locally than when used systemically This, 
coupled with Carp’s** circuminjection of autogenous blood m the treatment of 
carbuncles, formed the basis of the early work on the method which ve are 
about to describe So far as we know, this method has not been used before 
During the past three j’^ears, we have used this method on many carbuncles 
Our present senes consists of 20 cases, all of which w’ere large in size Three 
of these patients wmre diabetics The youngest patient w’as ii years of age and 
the oldest 74, four w'cre females, 16 males The distribution of lesions is on the 
accompanying chart Ten of the lesions w'ere on the neck, four of the lesions 
were on the lips , three of the lesions w’cre on the hands , one on the buttock , 
one on the thigh and one on the abdomen This series of carbuncles was treated 
only by injection No roentgen-raj'^ nor incisions were used 

Carbuncle in the diabetic patients requnes careful management and coop- 
eration between the suigeon and internist It is a w’ell-established fact that 
infection renders the control of diabetes most refractory McKittnck and 
Root*® point out that the logical method of treatment demands immediate con- 
trol of the patient’s ketosis Needless delay is often spent in futile attempts to 
control diabetes and limit the inflammatory^ processes by conservative methods 
With the injection method no delay is encounteied in limiting the inflammaton 
process, and the diabetes is more rapidly brought under control 

The method employed consists of the use of penicillin and novocaine ^ 
used 100,000 units of penicillin per cc of 2 per cent novocaine There is no 
reaction between penicillin and novocaine, but the solution must be mivc^ 
just before using On occasion the penicillin may precipitate Five to 20 


* Submitted for publication, October, 1948 
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this mixture is usually sufficient The amount, of course, depends upon the 
size and distribution of the lesion A very fine h)'po needle (24 to 26 gauge) 
and a lock-type syringe have proved to be the best instruments for delivering 
the solution The skin surrounding the carbuncle is carefully cleaned just 
beyond the indurated area A small wheal is made in the skin Considerable 
pressure is required for infiltration m this area The needle is then carried 
into the deeper tissues where the solution may be injected with greater ease 
The entire carbuncular area is sui rounded It is necessary to use from three to 
five points of injection As the injection is given, one frequently sees necrotic 


Table I 


Pt 

Age 

Sex 

Location 

of 

Lesion 

Duration 

of 

Lesion 

Size 

of 

Lesion 

Number 

of 

Injections 

Units 

Peni- 

cillin 

Hos- 

pital 

Days 

Days 

Lost 


HM 

60 

M 

Neck 

5 days 

4 cm 

2 

400 000 

5 

6 


JW 

30 

M 

Neck 

9 days 

9 cm 

4 

600 000 

10 

19 

Diabetic 

JC 

47 

M 

Neck 

2 days 

6 cm 

2 

400 000 

4 

10 


CB 

28 

F 

Neck 

5 days 

6 cm 

2 

400 000 

0 

5 


BW 

11 

M 

Lower lip 

5 days 

3 cm 

1 

500 000 

4 

9 


AJ 

20 

M 

Neck 

2 days 

4 cm 

2 

400 000 

0 

4 


WA 

21 

F 

Hand 

4 days 

2 cm 

1 

200 000 

0 

5 


MT 

40 

M 

Buttock 

7 days 

10 cm 

5 

1 000 000 

10 

25 

Diabetic 

AK 

3S 

M 

Lip 

3 days 

3 cm 

1 

600 000 

4 

5 


LE 

75 

M 

Neck 

12 days 

14 cm 

3 

1 000 000 

5 

14 


MB 

45 

F 

Thigh 

8 days 

14 cm 

3 

1 000 000 

4 

10 


TH 

SO 

M 

Abdomen 

7 days 

6 cm 

2 

500 000 

0 

3 


BH 

45 

M 

Neck 

5 days 

8 cm 

2 

750 000 

0 

7 


TS 

30 

M 

Lip 

3 days 

4 cm 

3 

1 000 000 

7 

14 

Dnbetic 

MO 

28 

M 

Hand 

4 days 

3 cm 

1 

500 000 

0 

1 


TJ 

34 

M 

Lip 

2 days 

3 cm 

1 

1 000 000 

4 

4 


BR 

60 

M 

Neck 

7 days 

12 cm 

4 

1 500 000 

3 

8 


LW 

35 

M 

Hand 

4 days 

5 cm 

1 

300 000 

0 

2 


JM 

30 

M 

Neck 

5 days 

8 cm 

1 

1 000 000 

5 

10 


EB 

56 

M 

Neck 

7 days 

8 cm 

2 

1 600,000 

0 

2 



material exude from the center part of the lesion Attention is called to the 
fact that the solution is not injected into the carbuncle, but around it, just 
beyond the indurated zone Hot packs are recommended and the patient is 
seen daily We have not found it necessary to anesthetize any of the patients 
in this senes 

Figure I IS a semi-diagiammatic explanation of the method employed 
The mode of spreading of a carbuncle is shown in Figure 2 The mode of 
spread also explains how^ the penicillin is able to attack the lesion directly The 
column of Warren rests on the fascia These stnictures are surrounded by a 
cell-hke cuff, which just under the skin has a small defect, a festoon-hke curve 
w'hich connects the adjacent adipose column It is through the openings below'^ 
the skin, the adipose columns, and along the fascia that the infection spreads 
By the same route the penicillin is able to reach the septic focus 

A typical course of a caibuncle of the neck treated in this manner is as 
follows Immediateh following the injection the patient is able to turn his 
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head, and frequently says, "This is the first time I have been free 1,1 
several days " He gets ofl: the table without aid, and his entire exte 1 V" 
chanpd Usually there is no tenderness at the Tte of rchoT Tre " 
unc e at this point shows pus exuding from the small openings On the sec- 
ond day drainage is usually rather profuse This drainage persists two or 
three days longer depending upon the size of the lesion A few of the openings 
coalesce, and healthy led granulation tissue is seen in the depths of the^sion 
Epithelization is rapid The resulting sear is thin and white not h rt 

twor'Ztr""' 



I — Semi-diagrammatic drawing of the various 
zones of a carbuncle 

A Represents the necrotic and drainage area 
B Slightly bluish and congested area 
C The indurated area 

D The wheal of penicillin and novocaine At the 
completion of the injection, these wheals will be con- 
tinuous (After Kanavel)!® 


A Typical Case History The last case listed on the chart reads as follows E B , 
on March 9> 1948, a 56-year-old farmer was referred to us complaining of a large 
carbuncle of seven days’ duration on the neck He had received no treatment whatso- 
ever The temperature was 996°, white blood count 18,600, 74% pmn The urine was 
negative The carbuncle measured 8 cm in diameter There were four draining sinuses 
and a small amount of pus present Eight hundred thousand units of penicillin and 8 cc 
of novocaine were injected into the area surrounding the carbuncle Relief from pam 
was immediate The patient was seen the next day, at which time the carbuncle was less 
painful The patient stated that he had slept for the first time in a week The carbuncle 
was draining profusely Another injection of 800,000 units of penicillin and novocaine 
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was made in the area surrounding the carbuncle The patient was seen the following 
day The carbuncle was now soft, non -tender and not red Drainage had all but disap- 
peared On March i6th, seven days after the first treatment, the carbuncle had healed 
Epithehzation W'as complete and there was a minimal amount of induration surrounding 
the original lesion The patient stated that he had lost only two days of work 

By using this method, we have been able to shorten the morbidity of 
patients suffering from carbuncle The tabulated chart shotvs the number of 
hospital days and the number of days actually lost from work The average 
hospital stay m this series W'as three days In spite of the size of the lesion 



Fig 2 — Semi-diagramniatic drawing of the gross sec- 
tion of skin and subcutaneous tissue 
A The fat columns of Warren 
B The fascia 

C Festooning cuff at the top of the columns of 
Warren 

many of these patients weie not hospitalized In two instances the tieatment 
was started at home Otherwise the treatment was carried out as an office 
pioceduie The average luimbei of days lost m this series was 8 6 A great 
many of our patients returned to their jobs before epithehzation was com- 
pleted The} w'ere able to do their own dressings, theieby cutting down the 
amount of time lost There was no mortalitv in this series This method ma} 
be employed at an} stage of the disease, which is in contradistinction with the 
use of roentgen-ia} in the treatment of carbuncles After the time the slough 
begins to appeal , roentgen ra} is not efficacious Surgical therap} is then often 
emplo}ed None of the cases in our series failed to respond to the injection of 
penicillin, and no reaction to the tieatment was encountered 
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SUMMARY 

1 A new method for the treatment of carbuncle has been presented This 
may be used at any stage of the disease The relief from pain is immediate 
The method is simple and may be used as an office procedure 

2 A senes of 20 cases tieated m this manner with their results were given 
There were no deaths m this senes and no recurrence of the infection locally 
The average hospitalization was three days and the time lost from work was 8 6 
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COMPLETE EXCISION OF PELVIC VISCERA IN THE MALE 
FOR ADVANCED CARCINOMA OF THE SIGMOID 
INVADING THE URINARY BLADDER=^ 

Alexander Rrunschwig, M D 
New Youk, N Y 

FROM THE MEMORIAL HOSPITAL CEMTCR FOR CANCER AND ALLIED DISEASES 

NEW ^oRK cm 

In a previous communicatioiP a procedure was described for complete 
excision of the pelvic viscera for advanced carcinoma in the pelvis of the female 
m \vhich there was involvement of uteius, bladder and rectum The excretory 
functions of the alimentary and urinary tracts were provided for by an end 
sigmoid colostomy proximal to which there was bilateial implantation of the 
ureters finto the sigmoid) In the series of 22 instances reported, one of the 
cases listed w^as that of a male m w'hom a carcinoma of a redundant loop of 
sigmoid colon had infiltrated the urinary bladder beginning at the dome and 
extending dowmw^ard tow^ard the base A segment of the low^er ileum w'as also 
included in the carcinomatous mass Because the situation 111 the male presents 
a number of problems different from that 111 the female, it is deemed justifiable 
to report the case m the male somewdiat in detail since 111 the leport cited above 
this patient w^as simply mentioned as an example of a successful case 

CASE HISTORY 

M P , male, age 46 years Admitted to the private service of the writer at Memorial 
Hospital, January 2, 1948 In February, 1947, he had been seen in another institution 
where laparotomy had been performed for a carcinoma in the sigmoid colon At this 
time a rather large carcinomatous mass in a redundant sigmoid was discovered to have 
attached itself to the dome of the urinary bladder There were no liver metastascs There 
was no peiitoneal spread but because of the attachment to the urinaiy bladder the situation 
was deemed inoperable To relieve obstruction a double barreled colostomy was performed 
at about the junction of descending colon with sigmoid colon Following this operation the 
colostomy functioned satisfactorily but there were se\ere cramping pains in the abdomen 
necessitating rehospitahzation on three occasions In general, the patient was unable to 
carry on his usual occupation In the fall of I947, the patient experienced sc\eral episodes 
characterized by severe chills and rise in temperature to 102° to I04°F This resulted not 
only in discomfort at the time of the episode but there was marked general discomfort 
and feeling of disability for some days following the return of the temperature to normal 
Physical examination re\ealed a rather emaciated male of stated age The patient 
seemed rather nervous and very easil} upset emotionally 

General physical examination of the abdomen re%ealed no e\idences of ascites, peri- 
umbilical cutaneous metastases or enlarged inguinal nodes The double barreled colostomy 
in the left low'er quadrant was satisfactorj The muscles of the abdominal wall seemed to 
be held rather rigidly although there w'as no pain on superficial or deep palpation The 
liver W'as not palpable Rectal examination rc\ealed at the tip of the examining finger a 
firm, rather fixed mass w’hich could not be directlj palpated witliin the lumen of the pehic 
colon This mass seemed fixed to the bladder antcnorlj and could not be mo\ed easilj in 
relation to the sacrum No discreet nodules were palpated in the cul-de-sac 

* Submitted for publication, October, 194S 
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Laboratory examinations were as follows Plasma proteins 69Gm%,B U N 89 
mg % , W B C 8,800 , Hemoglobin 13 Gm , Urinalysis albumin 4+ , sugar 0 , many 
leukocytes Roentgenographic study of chest No evidence of pulmonary metastases 
Operation (Figs lA and iB) January 10, 1948 Ether anesthesia (with curare) 
Assistants Drs T Walsh and H J VandenBerg 

A low midline incision was made to enter the abdomen There was no free fluid nor 
immediate evidence of peritoneal metastases Tlie liver was palpated and inspected and 
was free from metastases The spleen was not enlarged Several large, soft, peri-aortic 
nodes were palpated and one at about the level of the umbilicus was excised and sent for 
frozen section diagnosis The report was returned as showing no evidence of metastatic 
carcinoma 




Fig I — A Diagram showing T, carci- 
noma arising in redundant loop of sigmoid 
that has invaded dome of urinary bladder, 
tip of appendix and loop of ileum C, double 
barrel colostomy performed a year pre- 
viously Lines E, E', indicate extent of op- 
eration (See Text ) 


Fig I — B Diagram illustrating postop- 
erative condition U, right ureter implanted 
into ascending colon above ileocolostomy 
U', left ureter implanted into lowest seg- 
ment of descending colon above colostomy, 
C, O, O', area denuded of peritoneum after 
excisions described 


In the lower abdomen a large rounded mass, obviously a carcinoma, surrounde J 
considerable inflammatory reaction was found Coursing into the upper portion ° ^ 
mass the loop of sigmoid colon below the double barreled colostomy^ could be trace u 
in the mass it seemed to lose its identity A segment of lower ileum about 10 cm in 
length also vv'as attached to the mass on its upper right aspect Palpating m ^ ^ 

mass seemed to be continuous with the dome of the urinary bladder Palpation 
into the true pelvis on each side of the mass and bladder revealed no in tration ^ 
the mass and bladder on the one hand and the sides of the pelvis It also was no e 
the appendix seemed to be pulled into the mass and was stretched ratier ^ 

While the mass was being palpated and mov'ed from one side to anot er 0 
any extensions into posterior abdominal wall or lateral pelvic walls, a , r j 

on its superior surface with escape of about 30 cc of thick, yellow pus wi 
odor It became obvious that in the center of the mass there was an a s 
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been inadvertently opened The pus was sponged away as quickly as possible and gauze 
plugs were placed into the tear 

Both hypogastric arteries and veins were isolated, doubly ligated and transected 
Arterial and venous branches coursing downward and forward toward the bladder and the 
lower pelvic colon were likewise isolated, ligated and divided The peritoneum at the 
level of the pelvic brim was incised and by digital and gauze dissection it was elevated 
toward the midline all the way around The peritoneum reflecting from the anterior 
abdominal w'all onto the anterior aspect of the bladder was incised and by means of gauze 



Fig 2 — Photograph of surgical specimens M, large neoplastic 
mass including pehic and sigmoid colon, urinary bladder (and lower 
ureters and prostate) E, segment of lower ileum invaded by neo- 
plasm A, anus C, caecum and lower ascending colon I, small 
segment of ileum just proximal to caecum 


and digital dissection the mass and bladder were freed from the inner surfaces of the 
sjmplnsis pubis and adjacent portions of the bony pelvis Continuation of this dissection 
all the wa> around including the hollow of the sacrum resulted in mobilization of the mass 
which consisted of tumor, lower sigmoid and peliic colon and urinarj bladder from the 
sides of the pchis m all directions The onlj attachments remaining were supenorh w'ltli 
the sigmoid and ileum and inferiorh on the urogenital diaphragm 
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The sigmoid colon, about 6 cm below the double-barreled colostomy, was transected 
and each end invaginated by purse string suture This resulted in a small segment of 
sigmoid remaining as the lower limb of the double-barreled colostomy in the left lower 
quadrant The mesosigmoid was transected at its origin and the large vessels secured and 



A 


Fig 3— Mass M, shown in Fig 2, has been bisected E, seg- 
ment of lower ileum S, sigmoid and site of center 

urinary bladder, P, prostate C, neoplasm shown 

(abscess) Extensive invasion of posterior bladder wall is snown 

A, anus 

, oo tVipn heo'un by elevation from 

hgated Mobilization of the lower ileum m the mass was isolated 

the postei lor abdominal wall The segment o i eu £ jnesentery corresponding 

and divided between clamps In isolating a hgated In 

to this segment of ileum, large vessels going to the cecum 
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a few moments the cecum became somewhat cyanotic and it was deemed necessary to 
excise this also The cecum and lower half of ascending colon were then completely 
mobilized and the ascending colon transected m its mid portion, the upper segment being 
mvaginated by a triple row of sutures The ileum was then anastomosed to the ascending 
colon end-to-side 

Both ureters could now be well inspected and were found not dilated nor involved by 
neoplasm above the pelvic brim The ureters were transected at about the level of the 
fourth lumbar vertebra The right ureter was implanted into the upper portion of ascending 
colon by means of a modified Coffey I technique The left ureter was implanted into the 
descending colon about 6 cm above the colostomy also by a modified Coffey I technique 
The abdominal wound was then closed in layers with soft rubber drains m the inferior 
angle of the wound 

The patient was then placed m lithotomy position and an elliptical incision made about 
the anus after the latter was closed with purse string suture It extended forward on the 
right side of the base of the scrotum a little farther than would ordinarily be the case in 
the usual combined abdomino-permeal resection The levator am muscles were divided 
and the anal colon completely mobilized 

Dissecting w'lth scissors the lower portions of the pelvic colon w’ere then liberated 
first on the right and then on the left side by division of musculo-fascial attachments of 
the pelvic floor 

The urethra w'as transected as it emerged from the inferior portion of the prostate 
The inferior and lateral attachments of the latter were divided completely 

The bladder, prostate, anal, pelvic and sigmoid colons with tumor mass and attached 
segments of ileum were removed through the pelvic floor 

The defect in the pelvic floor was closed by interrupted catgut sutures for the muscles 
and fascia and a separate layer of catgut sutures for the skin and subcutaneous fat A 
hard rubber tube dram was inserted through the repaired pelvic floor to drain the lower 
true pelvis 

Duration of operation Five hours 

Fluids administered intravenously 5000 cc blood, 1500 cc plasma, 1500 cc normal 
saline, 500 cc 5 % dextrose 

Gross pathologic study See accompanying Figs 2 and 3 

Histologic diagnosis Adenocarcinoma of colon wntli invasion of bladder, ileum and 
metastases to lymph nodes in meso-sigmoid 

The postoperative course was prolonged and complicated by the development of deep 
pelvic abscess and abscesses in the abdominal w'all However, urinary and fecal drainage 
from the colostomy w'as satisfactory from the day after operation Intravenous pyelograms 
taken on the 19th day after operation show'ed moderate bilateral hydronephrosis 

On the third day after operation the BUN w'as 40 3 mg % and thereafter pro- 
gressively fell to IS I mg % on the day he w'as discharged The patient left the hospital 
on the 39th day after operation, ambulatory, free from abdominal pain and with no fever 

Since discharge he has gained 25 lbs in w'eight 

At this w'riting, one year and tw'o months after operation, he is returned to his usual 
occupation, that of a merchant, and w'cars a Rutzen bag over the colostomy (sealed to 
the skin) Physical activities are essentially normal He is without pain, and has taken 
business and pleasure trips 


DISCUSSION 

The successful outcome of the operation with return to his usual occupation 
and relief from pain and episodes of chills and fever of urinary tract origin, 
illustrates again the palliation that is sometimes possible in the face of desperate 
situations that may be encountered at the time of laparotomy One year prior 
to the operation described, this patient presented the criteria of advanced and 
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“inoperable” carcinoma The case record also illustrates again how certain 
abdominal neoplasms (of the colon m this instance) may progress locally to a 
maiked degree before hvei metastases may become manifested Finally, the 
feasibility of complete excision of pelvic viscera m the male has been demon- 
strated as a counteipart of the procedure devised for advanced pelvic cancer 
m the female 
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ADAMANTINOMA OF THE MANDIBLE* 


A CASE REPORT 

Daniel Gatlin, M D 

Nfw York City 

FROM THE MEMORIAL HOSPITAI NEW \ORK CIT\ 

An adamantinoma is a rare epithelial tumor arising from the enamel 
organ either in the mandible or maxilla This slo^\ ly growing tumor is locally 
malignant (similar to a basal cell epithelioma of the skin) and on rare occasions 
has been noted to metastasize A review of the medical lecords of the Memorial 
Hospital for the 21-year period 1927 through 1947 re\eals that 51 patients 
received treatment for adainantinomata , in each case the clinical diagnosis 
was confiimed by histopathologic examination of the tumor tissue The disease 
was found in 27 males and 24 females The mandible was the site of origin of 
the tumor in 42 cases and the maxilla in nine cases Two of the adamantino- 
mata metastasized , one to a regional lymph node, the othei systemically to the 
lungs resulting in death to the patient 

A detailed discussion of adamantinoma (its clinical characteristics, histo- 
patholog}9 tieatment, and review of the literature) is not the intent of this 
report It is sufificient to state that our treatment of this tumor during the past 
10 years or more has been by radical suigical removal In the low er jaw , partial 
resection of the mandible is usually required In the upper jaw', removal of one 
maxilla (sparing the floor of the orbit) is the procedure of choice 

The purpose of this paper is to report the surgical management of one 
patient wnth a very extensive adamantinoma of the mandible The case is of 
unusual interest for tw 0 reasons ( i ) the tumor w'as of sufficient size to require 
resection of the entiie mandible in one stage (2) There was a solitary metas- 
tasis to a regional lymph node 


CASE REPORT 

J C, a 32-year-old Negro, came to the Memorial Hospital on Dec 21, 1946, com- 
plaining of a “lump” in the jaw of 6 jears duration Being a part-time professional boxer, 
the patient naturally (and erroneously) bche\ed his tumor was caused b}’’ a punch on the 
jaw Four jears ago, a partial removal of the tumor was attempted through a submental 
approach Following this operation the tumor continued to grow The patient stated his 
general health w’as excellent 

Exammalton A well developed, health} appearing Negro, with a huge 15 cm bonj 
tumor of the mandible extending fiom the second molar tooth on the right to the second 
bicuspid tooth on the left (Fig i) The o\erlMng skin was freel}' moiable, two areas 
of superficial ulceration were noted in the mucosa of the right lower gmgna The most 
unusual finding was a 4 cm, rubberv, frech mo\ablc left posterior submaxillar} hmph 
node (Fig 2) 

Cltutcal Diagnosis Adamantinoma of mandible, with possible metastasis to left ‘:ub- 
maxillar}' l}mph node 

* Submitted for publication, December, 1048 
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Laboratory Data Biopsy of tumor of mandible Adamantinoma Aspiration biopsj 
of left submaxillary lymph node Metastatic adamantinoma Roentgen-ray film of chest 
Essentially normal 

Blood Mazzim Negative for syphilis 

Submitted roentgen-ray him report of mandible “MvUicystic process mvohwg a great 
deal of the mandible on both sides of the symphysis ” 

The patient was admitted to the hospital on January 14, 1947 On January 17th a 
total mandibulectomy and bilateral submaxillary neck dissection was performed 

Operative Procedure A preliminary tracheotomy was made under local 2% Mono- 
caine anesthesia The patient was then anesthetized with intravenous pentothal (25% 
solution), oxygen being supplied by a closed respiratory system through the tracheostomy 



Fig I Fig 2 

Fig I — Full face preoperative appearance (December, 1946) 

Fig 2 — Left lateral preoperatne appearance (December, 1946) showing 
metastatic node m left upper neck 


tube The lower lip was split with two vertical incisions 2 5 cm apart, each incision being 
carried posteriorly across the subma ciliary triangle to the anterior margin of the sterno 
cleidomastoid muscle on each side (Fig 3) Flaps composed of skin, subcutaneous at, 
and platysma muscle were then developed and reflectea laterally, exposing both su maxi 
lary triangles (Fig 4) An enlarged lymph node was noted in the left posterior su 
maxillary area The external carotid arteries were identified on both sides an 
ligated with steel wire jst distal to their superior thyroid branches Both su maxi a 
triangles were then cioaned out including the submaxillary glands , the so t tissue o 
dissection remained attached to the mandible superiorly 

The hypopharynx was packed with gauze and the operative incision came ° 

mucosa of the oral cavity around the tumor (Figs S and 6) The rig ‘ 
disarticulated by dividing the masseter, pterygoid and temporal muse es 
capsule of the temporomandibular joint The muscles in the floor similar to 

severed from the mandible The left mandible was disarticulate 1 
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Fig 3 — Skin incision showing removal of a central seg- 
ment of lower lip Note tracheostomy tube in place 


Tumop of 



Fig 4 — Skin flaps retracted re\ealing tumor of mandible and 
metastatic node in left neck 
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* When a major portion of the mandible must be resected and immediate plastic 
reconstruction of the bony defect is not desirable, experience has shown us that disarticu- 
lation at the temporomandibular joint is preferable to leaving a portion of the ascending 
ramus in place Any remaining fragment of the mandible is displaced upward by the pull 
of the temporal muscle and medially by the action of the internal pterygoid muscles In 
such a position the ascending ramus is useless for mastication while its medial displace- 
ment into the oral cavity often causes some interference with the normal act of deglutition 
This disadvantage can be eliminated by disarticulation of the mandible 

The complete removal of a malignant tumor of the mandible is of much greater 
importance to the ultimate prognosis than a fine cosmetic end result Therefore, we seldom 
attempt an immediate plastic repair of the operative defect 
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The external and intra-oral operative incisions were carefully closed with interrupted 
vertical mattress sutures of Dermalon , a rubber tube drain was placed in each ^iterygoid 
fossa (Fig 8) A pressure dressing was applied The operating time was 4 hours The 
patient received 1,500 cc of whole blood and 500 cc of 5% dextrose solution during the 




Fig 8 — External and intra-oral suture lines 



Fig 9 Fig 10 

Fig 9 — Full face postoperative appearance (December, 1948) 
Fig 10 — Left lateral postoperative appearance (December, 1948) 


procedure Two grams of sodium pentothal were administered The blood pressur^ 
respirations, and pulse remained steady during the operation The patient was returne 
to the ward in good condition 

Pathologic report on the operative specimen was adamantinoma of the mandible wi 
metastasis to a solitary cervical lymph node 

Postoperative cowse The postoperative recovery was uneventful and satisiacory 
Penicillin (50,000 units every three hours) was given intramuscularly for five ays 
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following which the temperature remained normal Two 500 cc blood transfusions were 
given, the first on the fourth and the second on the sixth postoperative day High caloric, 
high vitarmn, liquid feedings were started on the first postoperative day , the formula was 
given through a No i6 urethral catheter which was passed through the nasal ca\ity into 
the cervical esophagus The oral cavity was thoroughly cleaned with a pover spray of 
saline solution twice a day , a gauze pack saturated with a thin solution of zinc peroxide 
was maintained in the oral cavity along the suture line 

The drains were removed from the pterygoid fossae on the 3rd postoperatn e day 
The tracheostomy tube was corked on the 4th day and remoied on the 5th 

The patient started drinking a liquid diet by mouth on the 5th day and was discharged 
from the hospital on the loth day The external and intra-oral wounds ^\ere healing bj 
primary union, all skin sutures were removed However, the patient was partially incon- 
tinent of saliva which drooled from his unsupported and edematous low'er lip 

During the subsequent five days all sutures were removed from the oral cavity wound, 
the edema of the lower hp subsided, and the patient ceased to drool His speech became 
distinct and he was able to eat a soft diet 

This patient has been examined at regular intervals in our Recall Clinic His general 
health remains excellent and there is no further evidence of recurrent or residual tumor 
At the time of his last examination on December 15, 1948, he had returned to his regular 
30b as a porter and is self-supporting 

SUMMAIty 

The surgical management of a 32-year-olcl Negro with a huge adamanti- 
noma of the mandible and with a metastatic cervucal lymph node is discussed 
Pictures of the patient and drawings of the operation are presented 
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SPONTANEOUS RUPTURE OF THE ESOPHAGUS'^ 

John M Beal, Jr , M D 
Ni w Yoiik, N Y 

FROM Tlir OrPARTAirNT OF SURGERY OV THE NEW -^ORK HOSPITAI 
AND CORNCU UNIVERSITV MEDICAL COI LEGE 

SPONrANEOUS RUPTURE of the esophagus is sufficiently uncommon to 
justify the reporting of this case The fiequent difficulty in diagnosis is illus- 
trated by this case and empliasizes the impoitance of early diagnosis if recovery 
is to be made in this condition which has had a mortality rate approaching 
lOO per cent 


CASE REPORT 

H G , N Y H No 166320, a 52-year-old white married laborer, was admitted to 
the New York Hospital for the first time on May 26, 1948, complaining of left chest pain 
and shortness of breath The night prior to admission, the patient had consumed an 
unknown quantity of beer and had retired at midnight At 4 20 a m he awoke with the 
desire to defecate and, while straining at stool, he suddenly became nauseated and vomited 
The character of the vomitus was not noted He had the sudden sensation of “something 
giving waj , the stomach went up and never came down” , associated with this was a severe 
pain in his epigastrium and left lower chest and he experienced marked shortness of breath 

Past Htsfory Pneumonia at age of 15, “pleurisy” in 1934, following a “cold," without 
sequelae, in 1944 a chest plate revealed a nodular tuberculous infiltration at the second left 
interspace apparently stable and repeat chest x-ray two months later revealed no change 
in this lesion Patient consumed four or five glasses of beer daily 

Review of system Chronic nasal discharge and chronic non-productive morning cough, 
epigastric distress and “gas” following meals, reliei ed by alkali for about one year 

Physical Examination T 37° C, P 130, R 22, BP 180/120 On admission at SAM 
the patient was well developed, moderately obese and in acute distress, slightly cyanotic 
with grunting respirations Lungs Slight dullness at left base but otherwise clear, 
Abdomen distended and tympanitic with resistance and tenderness high in the left upper 
quadrant 

Lpboiatoiy Sp gr 1025, reaction acid, albumin 4 plus, sugar 0, occasional RBC 
and WBC in sediment Blood HGB 17 Gm , RBC 72 million, WBC 14.800 with 72% 
polymorphonuclear leucocytes 

A plain film of the abdomen was negative and a chest film revealed the posterior ha 
of the diaphragm to be covered by a la>er of fluid on the lateral projection 

Three hours following admission the pa'^ient’s blood pressure had fallen to 1 30/1 10 
and the pain became more localized to the left lower chest A tube w'as passed into the 
stomach without difficulty and 1000 cc of fluid and a moderate amount of air was aspir 
ated A thoracentesis was performed in the left eighth interspace and 850 cc of brownis 
fluid obtained Three hundred thousand units of penicillin w'as introduced into the p eura 
cavity at this time The pleural fluid w'as found to contain 121,000 WBC/mm'* an 5.000 
RBC/cmm A chest plate taken after completion of this procedure disclosed 1 atera 
pleural effusion Not reported at this time but noted later in reviewing the Im was t e 
presence of minimal medias^'inal and cei vical subcutaneous emphysema An x s lowe 
sinus tachycardia and left axis deviation ^ 

* Submitted for publication, October, 1948 
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The patient was placed in an oxygen tent and parenteral fluids and large doses ol 
penicillin were administered His pulse \aned from lOO to 140, and his course was febrile, 
fluctuating from 38 to 38 6° C rectally 

On May 28, 1948, thoracentesis w'as again performed and 200 cc of dai k brow n fluid 
was withdrawn, 300,000 units of penicillin and 05 Gm of streptom3cm were instilled into 
the pleural space The patient was also started on intramuscular streptomjcm Cultuie 
of the pleural fluid yielded gamma non-hemolj tic streptococci, B proicus vulgans, Cl 
wcichii and L colt The patient took oral fluids in adequate amounts after the third 
hospital day He continued to be cyanotic w'hen out of the oxjgen tent and appeared 
acutely ill Daily thoracentesis was performed wnth instillation of penicillin and strep- 
tomycin By June 2nd, 1948, cultures of the pleural fluid were o\ergrown w'lth Montlta 
albicans and roentgenograms of the chest revealed locculated fluid m the left chest wuth 
pockets of air 

On June 3, 1948, open drainage of the empyema cavitj was performed under local 
anesthesia, supplemented with sodium pcntothal A large empyema cavity w'as found, the 
w’alls of wdiich w’ere covered with a grayish-green fibrinous slough and communicated with 
the posterior mediastinum Drainage was instituted with 6 cigaiette drains and 2 soft 
rubber tubes Postoperatively streptomjcin and penicillin were continued but tbe patient’s 
course w'as progressively downhill, with elevation of pulse and temperature The patient 
expired on the fifth postoperative da\', 13 da}s after entering the hospital 

At autopsy, a perfoiation two and a half centimeters in diameter in the posterior 
portion of the terminal esophagus was found, just above the diaphragm Theie was no c\i- 
dence of ulceration or tumor The perforation communicateo with the posterior medias- 
tinum and left pleural cavity There w'as posterior mediastinitis and a left empjema w'lth 
surgical drainage The pericardial sac contained so cc of cloudy fluid and there was 
thickening of the visceral and parietal pericardium Additional findings wcic those ol a 
chionic gastiic ulcer on the lesser cur\aturc 6 cm from the pjlorus and 1 second small 
acute ulcer in the pjloius There was bilateial chronic pjclonephritis with mininnl 
hydronephrosis A calcified tuberculous nodule was found in the left upper lobe 

DISCUSSION 

The majoiity of leferences to spontaneous rupture of the esophagus in the 
hteiature are in the foiin of case reports According to Ehason and Welty’ 
the fiist lecorded case was that described by the Dutch physician Boerhaave in 
1724 Extensive reviews of the subject have been made by Fitz’ m 1877, 
Walker^'* in 1914 and Klein and Grossman'’ in 1943, the last named authois 
being able to find 40 cases in the hteiature to that date 

Recoveiy has seldom been recorded, and most authors consider the condi- 
tion uniformly fatal (Frink,” Ehason and Welty’) , however, survival has 
occuried m three instances wdien diainage ol the resulting empyema was fol- 
lowed by recovery Balhn and Salzstem^ in 1922 desciibed the case of a 15- 
year-old boy who de\ eloped empyema following an episode of severe vomiting 
The boy lecoveied aftei drainage of the empyema cavity although an esophageal 
fistula peisisted for approximately a year after operation In an editorial com- 
ment in 1944, Graham" stated that he had seen two cases m which drainage of 
the emp}ema cavity lesulted in healing Direct attack on the defect m the 
esophagus has seldom been attempted largeh due to the difficult) m making 
the diagnosis early enough In 1944 suture of the esophagus follow mg spon- 
taneous rupture was carried out b} Colhs,'’ howeier, the patient survued only 
21 hours after opeiation Hertzog and Leighton® m 1946 performed closure 
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of the esophagus with drainage The patient expired on the sixth postoperative 
day from a pulmonary embolus The first successful closure was reported by 
Barrett- m 1947 He lecords the case of a 46-year-old female who developed 
an episode of sudden vomiting (13 days after hysterectomy) resulting in rup- 
ture of the esophagus Opeiation was peiformed 10 hours after perforation, 
closuie was accomplished and diamage instituted with satisfactory recovery 
Although this catastrophe usually occurs m adults after the third decade 
of life, It has been recoided m childhood Menne and Moore^^ m 1921 sub- 
mitted the case of a five months old female and cited three others in children 
aged 4 months, 3 y^eais and 7 yeais 

ETIOLOGY 

An adequate explaiidtion of rupture of the apparently healthy esophagus is 
still lacking The eaihest investigations were those of Zenker and von Ziems- 
sen^^ and of McKenzie These uorkeis demonstiated the lower portion ot the 
esophagus u as the w eakest when distended by’’ water and that pressures of from 
5 to II lbs of uatei weie required to cause rupture of the esophagus Weiss 
and Mallory^’* studied lesions about the cardiac orifice of tlie stomach produced 
b)’’ vomiting and at autops}'^ found fissure-hke lesions in the mucosa in patients 
who had been vomiting persistently In their analysis, they concluded “that 
pressuie changes m the stomach during the disturbed mechanism of the coordi- 
nated motoi changes which accompany’’ vomiting and continual regurgitation 
of gastric juice ovei the mucosa of the cardia are the most significant changes ” 
Anatomically, the esophagus is a vertical midline organ, however, in its 
upper portion it extends slightly to the left of the midime, m the lower portion 
deviates soineu hat to the right and then veers to the left to pass through the 
esophageal hiatus to join the stomach The act of vomiting is initiated by a 
rapid inspiration and closure of the glottis The pyloric portion of the stomach 
constricts and the contents of the stomach are forcibly’ ejected through the 
relaxed cardiac oiifice by’’ contraction of the abdominal wall musculature Thus, 
gastric contents are foiced suddenly against the weakest portion of the 
esophagus with considerable force The investigations of Weiss and Mallory 
show that fissuies in the mucosa about the cardiac oiifice are frequently pro- 
duced without ruptuie occurring Vinson'^- reported cases of stiicture of the 
lower esophagus follou ing the pernicious vomiting of piegnancy The findings 
indicate that frequently’ vomiting may produce tears m the mucosa of the 
esophagus but not involving all lay’ers, and suggests that rupture may occur 
“spontaneously” m an esophagus that is aheadj’ weakened by’ fissures from 
previous episodes of vomiting 

CLINICAL PICTURE 

The patient is usually a middle-aged male fiom uhom a history’ ot frequent 
intake of alcohol is obtained The episode usually occurs after ingestion 0 a 
quantity of intoxicating drink or a heavy meal Vomiting is followed y ^ 
sudden onset of high epigastric and left lover chest pain and the patient may 
describe the sensation of teaiing associated with the act of vomiting 
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On examination the patient appears acutely ill and presents a rapid pulse 
and lowered blood pressure Dyspnea is usually^ present associated with splint- 
ing of the chest and grunting respiration Because rupture of the esophagus is 
usually followed by the extravasation of gastric contents into the left pleural 
cavity^, signs of a left pleural effusion may rapidly develop Tenderness in the 
epigastrium or left upper quadrant are present 

Roentgenograms of the chest show pleural effusion earty and this finding is 
progressive Significant is the finding of mediastinal emphysema which is easily 
overlooked If thoracentesis is performed, the aspirated fluid should be titrated 
for free acid Some patients have been given barium by mouth and the defect 
in the esophagus demonstrated by the extravasation of the barium into the 
pleural cavity 

TREATMENT 

The recent cases of Hertzog^ and of Barrett^ indicate the importance of 
early'^ diagnosis with the view of undertaking prompt operation to accomplish 
closure of the defect Early measures are thus to be directed tow ard establishing 
the diagnosis and preparing the patient for operation Accordingly, oxygen, 
sedation, antibiotics and hydration are indicated There is some question as to 
whether or not a tube should be passed into the stomach It w^ould seem that 
an attempt should be made for if the tube were to enter the pleural space, it 
would aid in establishing conclusively the diagnosis , however, if the tube w^ere 
to be passed successful!} into the stomach, not only would it aid in decom- 
pressing the stomach and help prevent further insult to the pleural cavity by 
the acid gastric content, but technically it might facilitate the operative pro- 
cedure by allownng moie ready identification of the esophagus at the time of 
thoracotomy 

At operation Barrett- advises transpleural closure of the defect followed 
by closed underwater drainage of the pleural space Cultures of the pleural 
fluid should aid in the choice of antimicrobial therapy 

SUMMARY AND CONCLUSIONS 

A case of spontaneous rupture of the esophagus is presented 
The etiology of the condition is discussed Investigations and clinical find- 
ings suggest that it is the result of direct force of the gastric contents in 
vomiting upon an esophagus that may have undergone pathologic changes 
Early diagnosis and operation should provide for recovery in this formerly 
uniformly fatal condition 
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CONGENITAL INTESTINAL ATRESIA* 

Edward E Jemerin, M D and Cyrilde R Halkin, M D 

Nr^\ York, N Y 

CoNGENijAL iNiEsriNAL AiRESiA IS an uncomiiion condition although the 
true incidence is probably considerably higher than that indicated by the num- 
ber of cases which have reached the literature Most cases have not been 
recorded until recently, and even now many infant deaths due to intestinal 
atresia remain undiagnosed or are not reported Until some central Registry 
for the recording of such cases is set up, it is incumbent upon any physician 
encountering one to see that at least a brief report is entered m the literature 
This IS particularly the case in view' of the extremely high mortality associated 
with the malformation, a mortality which early recognition and prompt ade- 
quate treatment seems to be lessening appreciably The case encountered by 
the authors w'as that of a complete high jejunal atresia m a three and one-half 
pound premature infant who recovered followung jejuno-jej unostomy, the 
smallest case on record in which a successful result w'as achieved An incom- 
plete rotation of the colon w'as also present but this w'as not obstructing and did 
not therefore influence the clinical picture or appreciably alter the surgical 
problem 


CASE REPORT 

F G, Sydenham Hospital No 108318, w-as a premature male infant spontaneously 
delivered on March 12, 1948, after a 30-\vcek gestation (Dr Daniel Wanderman) There 
had been two pre\ious pregnancies, a full term stillbirth four jears before, and a full 
term forceps delivery of a normal boy two years ago The mother w'as Rh negative with 
no demonstrable antibody formation No history of \irus infection during pregnane} 
could be elicited 

Tiie infant w'eighed 3 lbs 14 ors at birth and was c\aiiotic but responded to aspir- 
ation and oxygen Physical examination re\ealcd marked o\erriding of all skull bones 
at the paiietal, sagittal and occipital sutures, with complete closure of the anterior and 
posterior fontanelles The e-ves were w’ldeset and a cataract-like lesion of the right w'as 
noted TIic lungs were fully aerated, the heart normal The abdomen w'as soft, the liver 
edge palpable one finger below’ the costal margin 

The infant was placed in an incubator with continuous ox}gen and 5 mg vitamin 
K dail} Pediatric care was supcriised b} Dr Lawrence B Slobod} After twehe hours 
of starvation, small amounts of glucose water were offered for twehe hours followed by 
a I 3 e\aporated milk formula On the second da\ after deliver}, regurgitation after 
feeding began, the milk curds being mixed wath thin } ellow fluid Moderate icterus and a 
petechial rash on the bregma and the dorsum of the feet were noted, and the temperature 
rose to 102 8 degrees A small meconium stool was passed All oral feeding w'as stopped 
and lntens^^e parenteial ludration with saline and Hartman’s solution w'as begun Intra- 
muscular penicillin was also guen Intermittent \omiting continued and b} the e\ening 
of the third da}, the infant appeared markedh delndrated and m very grave condition 
There was no appreciable distention and no peristaltic w'aies or pyloric tumor w’erc 
obsen ed 

* Submitted for publication, December, 1948 

517 



JEMERIN AND HALKIN 


On the fourth day, the general eondition was somewhat better The icterus had 
deepened but the state of hydration liad improved Regurgitation continued but the infant 
seemed to retain small amounts of gavage feedings which had been added to the regimen 
Several more meconium stools were passed The blood count revealed a hemoglobin of 
145 Gm, a red blood count of 5,020,000 per cu mm, and a white blood count of 
24,600 per cu mm with 16 immature forms, 57 mature polymorphonuclear leucocytes, 
I eosinopliil, 22 lymphocytes, 4 monocytes and i nucleated red blood cell per 100 whites 
A slight trace of bile was present in the urine A plain roentgen film of the abdomen 







f 


Fig I — March 16, 1948 , plain film of abdomen showing stomach, duo- 
denum, and beginning of jejunum (arrow) markedly distended by gas JMo 
gas is seen in remainder of intestine 


(March 16, 1948) revealed a large collection of air in the stomach, duodenum, and 
proximal few inches of jejunum No gas was observed in the intestine dista to 

tViis 

The appearance and clinical course were suggestive of high intestinal obstruction but 
because of the absence of abdominal distention or peristaltic waves and the apparent partia 
retention of gavage feedings and the passage of meconium stools, a thin barium mixture 
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was given bi tube to corroborate the diagnosis ileanwhile, h\dration and supportnc 
therapy were continued The roentgenogram after barium administration show ed passage 
of the mixture only as far as the first part ot the jejunum (Tig 2) The diagnosis of 
obstruction of the upper jejunum was now clear and efforts were made to prepare the 
infant for operation By the following da3 (March iS, 1948) his condition was sufficienth 
improved to attempt surgery The weight on this da\ was lbs 




Tig 2 — March 17, 1948, Film after barium showing abrupt termination of 
barium column at proximal jejunum (arrow) 


With a blood transfusion running and a gastric tube indwelling, laparotonn was 
performed (E E J ) The abdon.en was opened through a right rectus muscle splitting 
incision All the intestines were delnered The large intestine was found to be incom- 
pkteU rotated with tlie cecum subhepatic in location and the ascending and trans\erse 
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colon adherent to the transverse mesocolon and posterior peritoneum These had to be 
dissected fi ee before the pathologic condition responsible for the obstruction could be appre- 
ciated and exposed After division of the adhesions and liberation of the colon, marked dis- 
tention of the stomach, duodenum, and fiist portion of the jejunum was seen This terminated 
about an inch beyond the ligament of Treitz in a blind pouch without continuity with the 
distal jejunum Though tremendously dilated the bowel was viable The distal blind 
jejunal end was located by tracing proximally from the ileocecal valve The proximal 
segment of jejunum beyond the ligament of Treitz was too short to permit anastomosis 
This technical difficulty was solved by reduction of the proximal segment through the 
fossa of Treitz, made possible by the blind termination The distal bowel was so collapsed 
that Its diameter was less than o 5 cm Its caliber was enlarged by distending it with 
saline and a two layer side-to-side jejuno-jej unostomy was then performed Exploration 
leveaied no fuithei abnormalities The wound was closed \Mth interrupted figure-of-eight 
sutuies of No 32 stainless steel wire through fascia and peritoneum The skin was closed 
with interrupted silk sutures 

The infant was replaced m the incubator with external heat and continuous oxygen 
The gastric tube was left in situ Penicillin was continued During the first postoperative 
day the tempeiature rose to 1024 degrees The infant voided, and regurgitated small 
amounts of bile-stamed fluid Fluid requirements were met by hypodermoclysis Twenty 
hours postopeiatively small amounts of a t 3 evaporated milk formula were fed through 
the indwelling tube At this time the red blood count was 2,850,000 per cu mm and the 
hemoglobin 8 9 Gm On the second day the baby retained about ounce every 2 hours 
with occasional regurgitation of bile-stained fluid Clyses weie continued and a blood 
transfusion given Twitching motions of the right arm and leg de\ eloped but responded 
to calcium therapy Thirtv-six hours after operation a formed vellow stool was passed 
which was strongly positive for occult blood, and thereafter about 3 to 4 yellow stools 
weie passed daily The infant’s weight was 4 lbs 2 ozs on the seventh postoperative day 
He giadually took largei and moie concentrated feedings, with infrequent regurgitation 
Repeated transfusions were given on the 2nd, 8th, Tith, and 33rd dass for recurrent drops 
in hemoglobin The icterus meanwhile had diminished so that it was only faintlv 
appreciable 

Fne neeks after the operation the infant was taking 2 j 4 ounces of a strong formula 
His n eight at this time was 5^ lbs The anterior fontanelle had opened and the sutures 
also seemed to be separating somewhat The lesion m the right eve, according to the 
opinion of an ophthalmologist, ^\as an enibr3'oma On Maj 7 1948, 7 weeks after oper- 
ation, the infant was discharged from the hospital weighing 6 lbs 

His development since has been progressive and, as far as can be made out, normal 
On August 3, 1948 his weight was to lbs 12 ozs The head was seen to ha\e grown 
proportionately to the rest of the body The aiitei lor fontanelle admitted a finger-tip and 
the skull sutures were palpable The reflexes and reactions seemed within normal limits 
for the age The wound was solidlv healed and there were no digestive or bowel 
disturbances 


DISCUSSION 

Atiesia of the intestine may occur in the form of an internal diaphragm 
or, more commonly, the intestine ends as a blind sac discontinuous with the 
distal bowel 01 connected only by a fibrous stiand Multiple atresias, while 
less common, occui Pioximal to the obstruction the bowel is markedly dis- 
tended , distally, it IS very small and contains no gas The cause is an arrest in 
development during the second or third month of fetal life w'hen the boTvel 
Tvhich has become filled wnth rapidly proliferating epithelium normally rees- 
tablishes its lumen 
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The actual incidence of the lesion is difficult to appraise because of incom- 
plete reporting and missed diagnoses Without attempting to drain the liter- 
ature, a few references will help to gn'^e an impression of the incidence In 
1922 Davis and Poynter collected 401 cases and added one This figure included 
134 atresias of the duodenum and 67 of the colon Webb and Wangenstein in 
1931 estimated the incidence of atresia and stenosis combined as about i to 
20,000 infants Including all the intestine below the pylorus and above the 
rectum, they found about 500 cases reported previously and added 13 cases of 
atresia and 4 of stenosis Cohen in 1941 stated that since Webb and Wangen- 
stein’s paper at least 150 additional cases had been reported but they included 
all varieties of intestinal obstruction In the same year Ladd and Gross reported 
=52 cases of intestinal atresia, only two of which w'ere in the colon Since 1941 
individual cases or small senes have been added by Duckett , by Glover, Smitb 
and Eitzen , by Impink and Clammer , by Stock and Cannon , by Miller, Green- 
gard, Raycraft and McFadden , by Erb and Smith , by Arnheim , by Biggs and 
Pontius, by Darne, by Judd, and others 

Symptoms usually begin on the first day of life Vomiting is the presenting 
symptom Persistent vomiting leads rapidly to severe deh)fdralion The vom- 
itus almost ahvays contains bile The character of the vomitus w ill of course 
depend upon the level of the obstruction While the stools may resemble 
normal meconium they aie usually smaller and dryer Farber’s test which 
demonstrates the presence or absence of vernix cells in a stool specimen is of 
great usefulness in determining wdiether a complete obstruction exists Abdom- 
inal distention may be piesent if the obstruction is low' but maj be difficult to 
evaluate if the atiesia is higffi Peristaltic w'aves crossing the abdomen may be 
seen but these aie not constant 

A plain roentgenogram of the abdomen can give considerable information 
No air IS present in the intestine distal to the site of obstruction and if this be 
high, a dilated air-filled stomach, duodenum and upper jejunum with no air 
in the low'er pait of the field may establish the diagnosis With ileal obstruc- 
tion, multiple dilated loops with fluid levels are seen w'hich are characteristic 
of intestinal obstruction but not necessarily of ileal atresia Baiium maj be 
given to aid in the roentgen diagnosis but the danger of aspirating vomited 
barium accompanies such a procedure 

Surgical relief of the obstiuction oflFers the only hope for survival Other- 
wise, the markedly distended proximal blind loop undergoes neciosis, and per- 
foiation with peritonitis supeiv'ene The procedure of choice is a side-tracking 
anastomosis Naturally, resection of am nomiable bowel must be performed 
Enterostomy should not be done as it always results in death due to rapid 
dehydiation Technically the operation presents certain difficulties due to the 
fi lability and distention of the pioximal loop and the extreme narrow caliber 
of the distal An excellent description of the technic may be found in Ladd 
and Gloss 

Of equal importance to the operation is of course the pre- and postoperative 
handhiip- of the infant Fluid balance must be maintained and this is not an easv 

521 



JEMERIN AND HALKIN 


Annals of Surgerj 
April 1949 


procedure since it entails the administration of parenteral fluid several times 
a day Blood and other supportive therapy must be utilized as indicated A 
gastric tube should be inti oduced before the operation and should be continued 
after operation for as long as necessary Operation should not be performed 
until the general condition has been brought to its best possible level even if 
this involves some delay The infant frequently is not able to take feedings for 
several days after suigery and the stomach should be kept empty as long as 
vomiting peisists Feedings must be started carefully and increased judiciously 
In all, the immediate period of postopeiative care is one which requires pains- 
taking and meticulous attention 

The mortality without operation is lOo pei cent According to Davis and 
Poynter, without opeiation death occurs after an average of 5 days when the 
obstruction is at the duodenal level as compared to 8 days at the colonic level 
Even with surgery the mortality is quite high although it has lessened appre- 
ciably with modem techniques and improved prepaiation and postoperative 
care The first recovery is credited to Fockens in 1911 who established a 
side-to-side anastomosis seven da3's after birth m a case of atresia at the junc- 
tion of the middle and lo\\ er thirds of the small intestine Of the 500 cases col- 
lected by Webb and Wangenstem only 10 recovered following surgery although 
the number operated upon is not given Seven of Ladd and Gross’ series of 52 
cases tieated surgically recovered In Ainheim’s report m 1945 he states that 
only II cases treated surgically to that date survived the procedure While a 
number of individual successes have been added since then it is apparent that 
the mortality is still quite high 

The case lepoited heie is of particulai interest because it illustrates that 
even in a three and one-half pound pi emature infant a successful result may be 
achieved The clinical pictuie and roentgen findings were typical of high 
jejunal atiesia The picture ■was complicated by the presence of icterus and 
other congenital defects \veie piesent in the form of closed fontanelles, an 
embryoma of the right eye, and an incompletely rotated colon The last was 
not obstructing but required liberation and reduction before the primary path- 
ology could be exposed and jejuno-jejunostomy performed 

SUMMARY 

1 A case of jejunal atresia in a three and one-half pound premature infant 
successfully treated bv jejuno-jejunostomy, is presented 

2 Congenital intestinal atresia is briefly review^ed 
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MULTIPLE LIPOMAS OF THE STOMACH AND DUODENUM* 
N W Fawcett, M D , V L. Bolton, M D , 
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E F Geever, M D 

CoiouADo Spiitncs, Coro 

TROM THE DEPARTMENTS Op SURGERA RADIOLOGY, AND PATHOLOGV OF ST FRANCIS HOSPITAL 

COLORADO SPRINGS COI ORADO 

Less than 2 per cent of all surgically treated gastric tumors are benign, and 
among these about 3 per cent are lipomas The incidence of benign tumors of 
the duodenum is considerably lower In either region they may appear within 
the wall or as pol3'poid lesions The symptoms are dependent on their location, 
size and character A high percentage of benign tumors is symptomless and 
discovered only at autopsy Not infrequently, however, the mucous membrane 
over a benign tumor ulcerates and produces symptoms of peptic ulcer, 7 e , pain 
and/or gastro-intestinal bleeding Hemorrhage is sometimes massive A 
benign tumor near the pylorus or in close relationship to the ampulla of Vater 
may produce symptoms of obstruction at these points A pedunculated tumor, 
especially m the duodenum, may cause intermittent partial intussusception for 
the same reason that polyps of the jejunum and ileum may do so 

The case of a patient with an intramural lipoma of the stomach and intra- 
mural and polypoid lipomas of the duodenum is reported The patient pre- 
sented symptoms of hemorrhage and also intermittent episodes of pam 

M B S , a white male, age 36, was admitted to St Francis Hospital March 30, 1948, 
because of recent gastro-mtestinal hemorrhage On admission gross bleeding had ceased 
and he was not feeling ill His chief complaints on admission were (1) Three episodes of 
tarry stools experienced in the past two years, accompanied by severe fatigue The last 
episode occuried one ueek before admission to the hospital and was accompanied by 
faintness, palpitation and dyspnea (2) Several episodes of vague abdominal discomfort 
accompanied by nausea during the past four years He had consulted several different 
physicians for these attacks and the diagnosis was generally that of “probable appendi- 
citis ” However, the findings had never been definite enough to warrant surgical inter 
vention 

The patient stated that the attacks of pam did not occur at the time of the tarry 
stools Past and family history weie irrelevant except that one child had been treated 
surgically for a Wilm's tumor 

Physical examination revealed a well developed, well nourished white male, appar- 
ently not acutely ill General examination was negative throughout except for very slight 
tenderness to deep pressure just above the umbilicus Laboratory studies including 
urinalysis, blood count, Kahn, blood sugar, N P N serum amylase, and sedimentation 
rate were all non-contributory except that occult blood was present in the stool 

Roentgen-Ray Studies A summary of the two examinations made showed a large 
filling defect in the stomach apparently projecting into the lumen although nothing cou 
be palpated at the time of examination The pylorus was not obstructed and the duodena 
cap filled normally Just distal to the cap was another large irregular deformity arou^ 

* Submitted for publication, September, 1948 
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which the barium seemed to flow, although again nothing could be palpated at the time 
The stomach emptied normally in 5 hours 

On the basis of the roentgenologic findings the diagnosis rested between aberrant pan- 
creatic tissue, a pancreatic tumor with secondary deformity of the stomach or the reverse 
Other possibilities included leiomyomata, lipomata, and primary retroperitoneal growths 
such as Hodgkin’s disease, or lymphosarcoma Our final diagnosis was multiple tumors 
of undetermined type Because of the patient’s history of hemorrhage surgical exploration 
was advised 


^ ' 



Fig I — The antrum is contracting The bulb is filled and the large irregular 
filling defect in the duodenal loop is visualized 


On April 2, 1948, the abdomen was explored through an upper transverse incision 
Examination disclosed a large, soft, flat non-pedunculated tumor in the posterior wall of 
the stomach in the pre-pyloric region A similar type of tumor occurred within the 
antei lor wall of the second part of the duodenum, and upon opening the duodenum, it was 
apparent that a third tumor, which was pedunculated and arose from the mucosa at the 
lower border of the intramural tumor, projected down into the lumen of the thud part 
of the duodenum 

Fuither exploration of the abdomen revealed no abnormal glands or other pathology 
A subtotal gastrectomy and a resection of the anterior (tumor bearing) wall of the second 
portion of the duodenum was accomplished, re-establishmg gastro-mtestmal continuity by 
a retro-colic, Polya type, of gastro-jejunostomy 

Pathologic Examination Stomach Gross The specimen consisted of the distal 
portion of the stomach and measured 13 cms along the greater cur\ature It had a max- 
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imum circumference of i6 cms A thick, soft, intramural tumor, 9 x 8 \ 35 cm in 
dimensions, was palpable on the posterior wall The overlying mucous membrane was 
smooth and contrasted strikingly with the prominent, greyish-red, rugal folds elsewhere 
(Fig 2 upper specimen ) The cut surface of the tumor revealed lobulated and bright yellow 
fat which was mainly submucosal m distribution Microscopic examination showed that 
the tumor was composed mainly of mature fat cells Focal congestion, fibrosis and round 
cells were scattered throughout 

Duodenum Gross pathologic specimen consisted of the anterior portion of the wall 
of the second part of the duodenum and measured 5 x 3 cm in surface area A thick, soft, 
intramural tumor measuring 4x35x17 cm was palpated A similar polypoid tumor 
covered by ulcerated and purplish red congested mucous membrane projected from the 
mucous membrane surface of the mam specimen The polyp projected into the lumen 
towards the third part of the duodenum The polyp measured 7 cm in length and 3 x 3 cm 

in cross section Two stellate shaped ulcers 
were apparent in the midportion of the 
polyp The largest ulcer measured 15x22 
cm in area (Fig 2 lower specimen ) The 
cut surface of the tumor was lobulated and 
bright yellow, similar to that described m 
the stomach Microscopic examination 
showed moderate congestion and hemor- 
rhage of the mucous membrane over the 
polypoid lesion The base of the ulcer de- 
scribed grossly was composed of proliferat- 
ing and congested capillaries, fibroblasts 
and scattered polymorphs 

Pathologic diagnosis Lipomas, stom- 
ach and doudenum, polypoid in the latter 
region and associated with secondary ulcer- 
ation 

Postoperative course was uneventful and he was discharged on April 20, 1948 
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STOMACH 


DUODENUM 


Fig 2 — Cut surfaces showing lobulated 
fatty character of the intramural tumors 


DISCUSSION 

The preoperative diagnosis of these lesions, if made, is usually made by the 
roentgenologist However, in the roentgen diagnosis of benign lesions of the 
stomach or duodenum it is difficult to determine with any degree of accuracy 
the histologic nature of the growth Since these tumors are so unusual, no one 
has acquired a very extensive experience with them 

However, there are features which aid in the differentiation between benign 
growths and ulcers or malignant deformity Most of these tumors grow into the 
lumen so that they tend to produce a smooth rounded filling defect Since they 
are not invasive, the bordeis, in general, are well demarcated but with obliter- 
ation of mucosal pattern The peristalsis is not greatly affected, if at all There- 
fore, emptying time is not influenced unless there is obstruction and, conse- 
quently, little or no change in the size of the stomach or duodenum is note 
The growth will move with the stomach on palpation during fluoroscopy an 
the stomach or duodenum will not be displaced as would be the case wit 
extrinsic masses Lipomas seem particularly prone to ulcerate so that one may 
be able to locate a crater, especially on second examination or with the a van 
tage of hindsight ” 
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SUMAIABY 

A case of multiple lipomas of stomach and duodenum is presented m a 36- 
year-old white male The tumors in the duodenum were in part polypoid and 
complicated by ulceration of the overlying mucosa His symptoms were 
Gastro-intestinal bleeding and episodes of pain Subtotal gastrectomy and 
duodenectomy and retro-colic, Polya type, gastro-jej unostomy were performed 
The postoperative course w^as uneventful 
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ANOMALOUS INSERTION OF THE RIGHT HEPATIC DUCT 
INTO THE CYSTIC DUCT* 


EEPOKT OF A CASE AND REVIEW OF THE LITERATURE 

Mathew W Kodak, M D , and Ralph B Bettman, M D 

Chicago, III 


FROM THD DEPARTMCNT OF SURGCR1, MICHAEL REESE HOSPITAL CHICAGO 

Anomalies or the biliary duct system are not mfiequent and are of 
vast importance in adequate assessment of the technic of cholecystectomy 
Kehr^ m pointing out the high incidence of morbidity and mortality entailed 
early in his series observed that, in the majority of cases, this could be directly 
traced to anomalies in the biliary duct or vascular system Eisendrath- simi- 
larly emphasized the necessity of adequate knowledge of the anomalies that 
might be encountered in the course of what might otherwise be routine 
cholecystectomy In moi e recent years Graham et al ^ and Daseler et al ^ have 
also served warning of the variations that might be found in dissection of the 
cholecysto-duodenal ligament, and it is now common knowledge that anomalies 
must be constantly watched for in the performance of surgery in this region 
of the body 

Recently during a cholecystectomy performed by one of us (RBB) an 
unusual anomaly was encountered, the right hepatic duct draining into the 
cystic duct (Fig i) Because of the reputed rarity of this anatomic condition 
and its surgical hazard if not recognized, it is deemed timely to report this case 

CASE REPORT 

The patient, a 42-year-old white male was admitted to Michael Reese Hospital with a 
typical history and diagnostic findings of gallbladder disease A cholecystectomy was 
therefore performed, and dissection of the cholecysto-duodenal ligament conducted in the 
usual manner previously described by this clmic ® What were thought to be the hepatic, 
cystic and common ducts were carefully identified and these along with the vascular 
structures dissected free At this time, on close observation, it was noted that the duct 
system was anomalous, the right hepatic duct draining into the cystic immediately below 
the gallbladder As a result it was necessary to clamp the cystic duct above the union 
with the right hepatic m order that the right hepatic might dram freely into the common 
duct Cholecystectomy was then performed from below upward, and the patient s 
postoperative course was uncomplicated 


DISCUSSION 


Anomalous insertion of the right hepatic duct into the cystic, or of the 
cystic into the right hepatic has been observed in both animals and man 
Boyden® in the course of thousands of dissections of domestic animals noted 
this condition in a number of instances as indicated by his anatomic drawings 
Similarly Thompson'^ and Daseler et al ^ observed examples of this condition 
in the dissection of cadaver material 


* Submitted for publication, October, 1948 
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Embryologically it would seem that this phenomenon could best be explained 
by variation in growth of the hepatic diverticulum in its formation of the 
biliary duct system This outgrowth of the foregut m its primary division 
forms the common duct, and the branchings thei efrom the cystic duct and gall- 
bladder, and the hepatic duct The germination of the hepatic duct then 
branches to foim the right and left hepatic duct system in its secondary lami- 


/ 



Fig I — Illustrating the anomalous insertion of the 
right hepatic into the cystic duct, and how this duct might 
inadvertently be ligated (a) Right hepatic duct (b) 
Cystic duct (c) Common duct 


fications An anomaly of the right hepatic entering the cystic could thus occur 
if an abnormality of the cystic duct bud extended into the liver substance At 
the same time it would be necessary that the primary hepatic diveiticulum 
failed to divide, and thus only formed the left hepatic duct 

Another possible explanation of the deiivation of this anomalous situation 
could he found in unusual absorption of the many small secondary branchings 
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which project from the vaiious buddings of the hepatic diverticulum Leiter® 
has suggested the additional possibility of an early branching of the primary 
duodenal bud into right, left and cystic ducts, with the cystic originating so far 
down as to arise from the right hepatic duct 

From, the studies of Thompson,'^ Daseler et al ^ and from those^’ ^ in which 
this anomaly was not found, it is possible to obtain a reasonable estimate of 
the incidence of the finding These results as tabulated (Table I) show that 
m the course of 1371 cadaver dissections of the biliary tract, anomalous right 
hepatic-cystic duct union has been encountered only four times 

If one weie to judge the relative importance of the problem by the above 
data it would not be a cause of great concern to any individual operator How- 
ever in view of the gieat number of cholecystectomies performed each year it 


Table I — The Incidence of Right Hepatic-Cystic Duct Union Encountered in Cadaver 

Dissections 


Author 

Year 

Number of 
Dissections 

Number of Times 
Anomaly Found 

Brewer 

1900 

100 

0 

Ruge 

1908 

so 

0 

Descomps and De Lalaubie 

1910 

50 

0 

Piquand 

1910 

40 

0 

Eisendrath 

1920 

100 

0 

Flint 

1923 

200 

0 

Beaver 

1929 

S7 

0 

Thompson 

1933 

SO 

1 

Lurje 

1937 

194 

0 

Osier 

194S 

30 

0 

Daseler ci al 

1947 

SOO 

3 

Total 


1371 

4 


would seem that this surgical anomaly calls for greater awareness on the part 
of the general population of physicians That the calculated low incidence of 
o 29 percent might be small may be concluded from the series of Daseler et al , 
the most recent of the dissections, where three instances of this anomaly were 
found in 500 cases Also 111 the prior dissection of Thompson one case was 
revealed in fifty examinations 

Strangely in the course of surgery the condition has not been reported 
frequently Considering the expected incidence based on anatomic dissections 
the fact that only two cases could be discovered in a reasonably complete search 
of the literature would seemingly imply that either surgical dissections have 
been incomplete, 01 that the postoperative complications resulting from the 
anomaly were not sufficient to warrant further search for their causes 

In Kehr’s case^ calculi lying in the right hepatic duct were thought to be 
in a diverticulum of the cystic duct As a result, the hepatic duct was divided 
and had to be anastomosed to the common duct In Leiter’s case® it was nec- 
essary to divide the hepatic ducts in order to remove a tumor of the ducts The 
anomaly was observed in the couise of the dissection In this case the hepatic 
ducts -were anastomosed separately to the duodenum Both these patients did 
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well postoperatively In the present instance anastomosis of the duct was not 
necessary, the cystic duct having been tied off carefully above the junction 
with the hepatic 

Insofar as complications might be expected, it would seem that two would 
be probable These would stem either from obstructing the flow of the right 
hepatic duct by ligature (Fig i), or by failing to recognize the situation and 
leaving a draining right hepatic duct after removing the cystic duct along with 
a portion of the right hepatic 

From the fact that autopsy reports have not noted the finding of these com- 
plications, it would appear that either the anomaly has been recognized, the 
complications corrected, or else that by themselves, these complications need 
not prove fatal This would seem to be a feasible explanation in experimental 
situations where the right hepatic duct was ligated In some of the animals so 
treated it has been observed that collateral channels will shortly allow bile to 
flow from the right lobe of the liver through the left hepatic duct Fortunately 
the reserve of the liver is great and the left lobe apparently is capable of ade- 
quately handling the increased load Clinically, though, there could be little 
doubt but that in such instances the general status of patients would be poorer 
over the immediate postoperative period 

In those instances where the right hepatic duct has been severed, the possi- 
bility of biliary fistula, or bile peritonitis, would be of greater import However, 
bile flow from the severed duct renders this condition relatively easy of 
recognition 

Treatment of the complications depends on immediate cognizance of the 
anomaly with prompt repair of the damaged duct It is, however, appropriate 
to emphasize that the most important aspect of therapy lies in the field of 
prevention Here the prime factors are recognition of the fact that anomalies 
are not infrequent in large series of cases, and that a knowledge of these is 
essential If the morbidity and mortality of cholecystectomy is to be lowered, 
continued vigil is necessary at the operating table in order to recognize anom- 
alies existing in the hepatic pedicle 

SUMMARY 

A case of a rare anomaly of the biliary duct system has been reported In 
this instance the right hepatic duct joined the cystic duct just below its emer- 
gence from the gallbladder The cystic duct eventually united with the left 
hepatic to form the common duct The literature bearing on the subject has 
been reviewed and the embryolog)'-, incidence, complications and treatment 
discussed 
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PRIMARY INFLAMMATION OF THE APPENDICES EPIPLOICAE* 


WITH REVIEW OF THE LITERATURE AND REPORT 
OF SIX ADDITIONAL CASES 

T P Marinis, M D , and J H Cheek, M D 

Dai LAS, Texas 

FROM DEPARTMFNT OF SURGERY BAILOR UNIVERSITY HOSPITAL DALLAS TEXAS 

Since the first description of appendices epiploicae some 400 years 
ago interest in them as sites of primary disease has recurred from time to time 
Scattered individual cases have been reported in which they have been found 
free in the peritoneal cavity or m which some primary pathologic process has 
caused surgical intervention Interest has been stimulated by the excellent 
reviews of Hunt,^ Khngenstem,- Fiske^ and more recently by Pines, but 
recognition of primary disease of the appendices epiploicae is still rare 

Primary disease of the appendices epiploicae has attracted attention only 
by its rarity and this continues to be true in spite of the fact that it occurs 
more frequently than is implied by the infrequency of reports We feel that it is 
timely to call attention to primary disease of the appendix epiploica and to 
present a review of the available literature, bringing the cases up to date and 
to add SIX additional cases In this report we have gathered, and are present- 
ing, only cases in ^vhlch primary disease of the appendix epiploica have pro- 
duced acute symptoms and signs which have warranted surgical exploration 

ANATOMY AND PHYSIOLOGY 

The anatomy and function of appendices epiploicae should be mentioned 
They have been shown to be present as early as the fifth fetal month They 
occur along the large bowel except in the region of the rectum, and may have one 
to three rows though only one or two are usually demonstrated They are 
definite fat tabs of irregular shape which are continuous with the subserosal fat 
layer and are enveloped by a layer of the visceral peritoneum from the large 
bowel Their blood supply is gamed from one artery and vein from either the 
superior or inferior mesenteric vessels 

The significance of these structures is obscure and their physiologic func- 
tion has never been proven but the idea that they play a role in the absorption 
of fluids and as a protective mechanism for the colon seems justified This 
lattei may be in protection from other inflammatory processes or from adjacent 
viscera during peristalsis Pines'* felt that appendices epiploicae acted as pro- 
tective fat pockets for the redundant intestinal vessels and that this protective 
mechanism was obviously necessary to prevent collapse and occlusion of the 
vessels when the bowel became distended It should be further added that in 
all probability they have a definite role in the storage of fat 

* Submitted for publication, October, 1948 
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PATHOLOGY 

The etiology of primary disease within the appendices epiploicae has been 
discussed by many correspondents The consensus of opinions is that 

torsion of the pedicle is usually the direct cause in spite of the fact that 
in many cases it cannot be demonstrated It seems reasonable that it is the 
principal cause of interference of the blood supply, and is due to a variety of 
conditions, such as movement in adjacent coils of small bowel during vigorous 
peristalsis and the association of a large appendix epiploica with a long pedicle 
Infarction may be present and has suggested, when torsion was not demon- 
strated, that it IS due to thrombosis or embolism ^ Payr® thought that engorge- 
ment could be due to an abnormally long vein becoming twisted about the 
artery Secondary changes which may occui include simple necrosis, various 
degenerative processes and gangrene Why they should be the site of a primary 
inflammatory process has never been explained, though it is obvious when 
associated with other inflammatory lesions within the abdomen Black® was 
the first to suggest that they could be the site for developing lipomas 

ANALYSIS OF CASES PREVIOUSLY REPORTED 

Fifty-eight cases have been previous!}' reviewed or reported m the liter- 
ature m which the symptoms and signs were of an acute or subacute abdominal 
disease and subsequently required suigery This does not include cases which 
appeared to have had a chronic course over months or years, cases m which the 
appendices epiploicae were found in heinial sacs, noted at autopsy, cases asso- 
ciated with other inflammatory processes, or cases in which they were found 
incidentally at surgery for some other disease 

The site of the diseased appendix epiploca was on the sigmoid colon in 
28 cases and on the cecum in 13 cases The others occurred on various parts 
of the remaining colon Torsion of the appendix epiploica was the most fre- 
quent diagnosis given, though in a majority of the cases the findings were not 
described Thirty-six of the cases occurred in males and 22 in females The 
ages ranged from 18 to 76 years with a majority (31 cases) occurring between 
30 and 50 years The symptoms and signs were incomplete in many cases, 
however, all cases had pain and it appears to be the only constant finding In 
46 cases tenderness was present and was most commonly seen overlying the 
diseased appendage Nausea, vomiting or both occurred about as frequently as 
rigidity, that is, in about one-half of the cases Rebound tenderness and a 
mass were only occasional findings 

REPORT OF ADDITIONAL CASES 

Case 1 — A 40-year-old white male was admitted to the hospital with a history of 
gradual onset of lower abdominal pain 48 hours before which increased in severity 
and moved to right lower quadrant 24 hours prior to admission He had a constant 
desire to defecate after onset No nausea or vomiting was associated He had had a 
previous similar attack 13 years ago lasting 24 hours Examination revealed temperature 
of 986, WBC was 7,050 He exhibited moderate tenderness and well marked rigidity m 
right lower quadrant with no rebound tenderness Preoperative diagnosis of acute appen- 
dicitis was made At operation a large amount of bloody fluid was found and a gangrenous 
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appendix epiploica of the sigmoid measuring 6 x 4 cm was present and removed Post- 
operative course was uneventful 

Case 2 — A 47-j^ear-old female was admitted to the hospital with a history of 
sudden gripping pain in the midline, above the symphysis for 12 hours previously The 
pain “went through to the back ” She had anorexia, but no nausea or vomiting The pain 
moved to the lowei left quadrant, back to midline and then to right lower quadrant There 
was an urge to defecate with results Examination revealed moderate tenderness over 
right lower quadrant with rebound tenderness to the same side This tenderness 
shifted with position of the patient, from right lower quadrant to midline to left lower 
quadrant and back to 1 ight lower quadrant Pelvic examination revealed tenderness in the 
right cul-de-sac The temperature was 994, WBC 11,700 Preoperative diagnosis was 
acute appendicitis At operation there was found a swollen blue appendix epiploica 
attached to the sigmoid, which was removed Postoperative course was uneventful 

Case 3 — A 32-year-old female was admitted to the hospital with a history of fullness 
and discomfort m abdomen for 48 hours becoming painful and moving to right lower 
quadrant This was not relieved by enemas or rest m bed as previous attacks had been 
There was no nausea or vomiting Moderately severe pain m right lower quadrant per- 
sisted Examination revealed the temperature to be 99 0 and WBC 12,400 Moderate 
tenderness m right lower quadrant was present with no rebound tenderness and no masses 
Preoperative diagnosis was acute appendicitis At operation a blue gangrenous appendage 
was found in the pelvis which was attached to the sigmoid It was removed and the 
postoperative course uneventful 

Case 4 — A 19-year-old white female entered the hospital for change of cast and 
further treatment for old fracture of right femur While in the hospital she had onset 
of severe cramping abdominal pain which was followed by nausea and vomiting Pam 
became more intense and was localized in the right lower quadrant with marked tender- 
ness in same area Temperature was 99 6 and WBC 14,100 Preoperative diagnosis was 
acute appendicitis At operation the appendix was found to be normal and attached to 
cecum was an enlarged gangrenous appendix epiploica which was removed The post- 
operative course was uneventful 

Case 5 — A 44-year-old male was admitted to the hospital with a history of slight 
epigastric pain and dysphagia of 72 hours duration, followed by severe right lower 
quadrant pain associated with nausea and vomiting Examination revealed marked tender 
ness in the nght lower quadrant No masses were felt The temperature was 100 and 
WBC 12,500 Preoperative diagnosis was acute appendicitis At operation a dark gan- 
grenous appendix epiploica measuring 5 x o 8 cm attached to the cecum was found It 
was removed and postoperative course was uneventful 

Case 6 — A 34-year-old male was admitted to the hospital with a history of onset of 
abdominal pain 24 hours previously which had moved to the nght lower quadrant and 
was noticed more when moving about No nausea or lomiting was associated He was 
admitted for a stat appendectomy Examination revealed temperature of 986 and WBC 
12,900 Marked tenderness in nght lower quadrant was present with rebound tenderness 
No masses were palpable Preoperative diagnosis was acute appendicitis At operation 
there was found an enlarged gangrenous appendix epiploica attached to the lower ascend- 
ing colon It was removed and postoperative course was uneventful 

DISCUSSION 

In Baylor Hospital during the last lo-year period there have been six cases 
of primary disease of the appendices epiploicae producing symptoms sufficient 
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to cause surgical exploration Within this same period of time it is of interest 
that surgery was done in 2766 cases for acute appendicitis Also during this 
period primary disease of an appendix epiploica was found at time of surgery 
for some othei disease piocess in four instances, yet no history could be 
obtained of any symptoms which they might have produced 

In the cases we are reporting symptoms were piesent for 48 hours or less 
except in one case of 72 hours duration In four cases onset of pain was local- 
ized to the right lover quadrant In others it was geneiahzed or m the lovei 
abdomen Nausea and vomiting was piesent in three cases In all cases tender- 
ness was moderate to marked and localized to the right lower quadrant Of 
considerable interest was the one case in which the tenderness was shifting in 
character Rigidity and rebound tenderness was present m three cases each 
Low grade temperature elevation was noted in three cases and an elevated 
WBC count was present in all except one Torsion was not demonstrated m 
any of these cases 

We feel that ve are justified in only presenting cases associated with symp- 
toms of acute disease and which have required surgical intervention Though 
torsion of the pedicle of the appendix epiploica is apparently the most likely 
cause of disoider, ve were unable to show it m any of these cases We 
feel that the sign of shifting tenderness should cause one to suspect the condi- 
tion and want to stress again that in any acute surgical abdomen in which 
piimarj disease cannot be demonstrated elsewhere one should explore 
thoroughly for the presence of a diseased appendix epiploica 

It IS quite apparent that pathologic changes may occur in the appendices 
epiploicae without producing svmptoms and this most likely accounts for those 
found incidental!}’’ at other opeiations and at autopsy It is just as apparent 
that m many instances these do produce symptoms and signs of an acute 
abdominal disease and in such cases surgical exploration is indicated 

SUMJIAKY 

The available hteiature has been reviewed and the cases of primary disease 
of the appendix epiploica unassociated with other conditions or which were 
found incidentally, have been collected and brought up to date To this number 
we aie adding six cases m which the piimary disease justified surgery We have 
suggested that shifting tendei ness should cause one to suspect the disease, and 
in all cases of acute abdomens m which a primary disease is not found one 
should look for a diseased appendix epiploica 

BIBLIOGRAPHY 

Hunt, V C Torsion of Appendices Epiploicae Ann Surg, 69 3i> 19^9 

- Klingenstein, P Some Phases of the Pathology of the Appendices Epiploicae With a 
Report of 4 Cases and a Review of the Literature Surg , Gynec & Obst ,3® 37 > 

^924 

® Fiske, F A Intra-abdominal Toision of Appendices Epiploicae Report of 2 ases 
Am J Med Sc , 192 354, 1936 

* Pines, B , J Rabinovitch and S B Biller Primary Torsion and Infarction 0 e 
Appendices Epiploicae Arch Suig, 42 775, 1941 

53Q 



NSnZr r INFLAMMATION OF THE APPENDICES EPIPLOICAE 

5 Griffin, H M , E P McManamy and J M Waugh Surgical Significance of the Epi- 
ploic Appendages Arch Surg, 45 351, 1942 

® Moore, G A Appendices Epiploicae New England J Med , 222 919, 1940 

7 Milroy, P The Suigical Affections of the Appendices Epiploicae Brit J Surg, 
29 438, 1942 

® Payr, E , quoted by Moore, G A 

® Black, S O Torsion of Appendices Epiploicae, with Report of a Case South Med 
J , 16 35 , 1923 

Porter, S D Torsion of Appendices Epiploicae, Report of a Case J Iowa St Med 
Soc,33 223,1943 

Kirkham, J H, and I Zerhn Quoted in Yearbook of General Surgery Chicago, 
Yearbook Publishers, 1944 

Byberg, R A , and C R Lam Epiploic Appendicitis A Cause of Left- Sided Abdom- 
inal Pam Ann Surg, 122 127, 1945 

Ives, H R Gangrenous Appendices Epiploicae , U S Naval Med Bull , 46 1889, 

1946 


Editorial Address 


Original tvped manuscripts and illustrations submitted to this Journal 
should be forwarded prepaid, at the author's risk, to the Chairman of the 
Editorial Board of the ANNALS OF SURGERY 

John H Gibbon, Jr, M D 
1025 Walnut Street, Philadelphia 5, Pa 

Contributions in a foreign language when accepted will be translated and 
published in English 

Exchanges and Books for Review should be sent to Dr Gibbon at the 
above address 

Subscriptions, advertising and all business communicotions should be 
addressed 

ANNALS OF SURGERY 


Cast Washington Square, Philadelphia, Pa 


537 


ANGIOSARCOMA OF THE COLONS 

WITH CASE REPORT 

Charles A Steiner, M D , F A C S 

AND 

Louis H Paltmer, M D 

Upper Darby, Pa 

The rarity of sarcoma of the colon is stressed m every treatise on this 
subject This condition was first described by A Debruner’^ in 1883, prior to 
which time it is likely that it was not recognized by the pathologists as a 
distinct disease entity Subsequently additional cases were reported by Jopson 
and White, ^ Fari^ and others,**’ ® but in a rather careful review of the 
literature, we have been able to find less than 400 proven cases Furthermore, 
of these cases, appi oximately 95 per cent are lymphosarcomas In view of the 
rarity of all types of sarcoma of the colon, we feel that a case report of an 
angiosarcoma would be of value, paiticularl}’ since we are unable to find any 
description of such a neoplasm in the literature 

Although an adequate description of nearly all types of sarcoma of the 
colon is readily available thiough numerous sources, very little has been 
written about angiosarcomas arising in any part of the body, and as stated 
above, no pievious description is obtainable of an angiosarcoma of the colon 
How’ever, it is felt that this lesion is an extremely vascular neoplasm which 
arises from the cells of the outer coat of a blood vessel and it is not considered 
to be a very highly malignant tumoi A further description of this lesion is 
incorporated in the followung case report 

CASE REPORT 

Mrs H F , a 46-year-old white female, w’as admitted to the Bryn Mawr Hospital 
on November 27, 1945, with a chief complaint of abdominal pain of three days 
duration She had apparently been perfectly well until November 24th, at which time 
she developed a colicky type pain in the left low’er quadrant of her abdomen several hours 
after taking a laxative Later in the day, the pain increased in severity and w'as not 
relieved by an enema On the following morning she became nauseated, vomited several 
times and noticed that her abdomen was becoming distended Further laxatives and 
enemas during the next 48 hours were ineffectual, at the end of which time her abdomen 
was considerably distended and the patient was obviously quite iH She ivas then 
admitted to the Bryn Mawr Hospital for further observation 

The past medical history in this case w'as essentially negative, there having been no 
serious illnesses or operations There had been no weight loss and no symptoms referable 
to her gastro-intestinal tract Her menstrual history was likewise negative 

Physical examination revealed a rather pale, somewhat obese, white female Blood 
pressure was 130/80, temperature 99 2°F , pulse 88, respirations 22 No abnormalities 
except the following rather marked distention of the abdome n uith considerable tender- 

* Submitted for publication December, 1948 
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ness in the left lower quadrant, an ill defined boggy mass was palpable at thiS' point 
Peristalsis was hypo-active Rectal examination was negative 

Roentgenologic examination by means of an erect scout film showed the large bowel 
to be model ately distended proximal to the sigmoid colon 

Immediate treatment consisted of the administration of parenteral fluids and the 
passage of a Miller-Abbott tube, as a result of which the patient’s condition improved 
quickly and the abdominal distention was relieved m 48 hours A barium enema 
thereafter revealed a partial obstruction at the junction of the descending and 
sigmoid colons The Miller-Abbott tube was removed and the patient was placed on a 



Fig I — Gross specimen angiosarcoma of sigmoid colon 


regimen of sulfasuxidine, parenteral feedings of glucose, saline and blood plasma together 
with a low residue, high protein diet Operation was performed on December 5, 1945, 
eight days following admission 

Opeiation With continuous procaine spinal anesthesia, the abdomen was opened 
through a left lower paramedian incision and exploration revealed a firm nodular type 
growth in the wall of the sigmoid The serosa of the imohed area of bowel was 
smooth and glistening in appearance No enlarged lymph nodes were palpable in 
the mesocolon nor in the retroperitoneal tissues and no gross invasion of surrounding 
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structures was noted Similarly, no evidence of metastasis to the liver was present No 
abnormalities of the pelvic organs could be detected Resection of approximately lo cm 
of the sigmoid colon together with a large wedge shaped piece of mesocolon was per- 
formed, followed by an open end-to-end anastomosis Five grams of sulfanilamide 
crystals were placed in the abdominal cavity following which the incision was closed 
in layers without drainage A tentative diagnosis of carcinoma of the colon was made 
Five hundred cubic centimeters of whole blood were administered during operation and 
the patient’s immediate postoperative condition was good 

Postopeiatwc Cow <:c Continuous nasal suction with the use of a Levin tube was 
carried out for the first two postoperative days together with parenteral feedings of 
glucose in saline and blood plasma Ambulation was instituted on the first postoperative 
day Oral feedings were begun on the third day and at the end of ten days the patient 
was eating a full high protein, low residue diet and was having regular bowel move- 
ments without laxatives Her incision healed by primarj intention and she was 
discharged from the hospital on December 20, her 15th postoperative day 

Pathologic Report of Specimen (By Dr Max M Strumia, Pathologist to the Biyii 
Mawr Hospital) 

Gioss Dcsciiption (See Figure i) Section of colon measuring 10 cm in length 
and 2]/2 cm in diameter with numerous fatty appendages On the external surface aie 
two cyst-like polypoid growths about 2 cm in diameter, side by side, one appears to be 
filled with dark red material and the other with dark yellow material On cut section, 
there is annular thickening and constriction in the wall of the gut zVz cm in diameter 
Growing from this constriction arc numerous polypoid masses 

Mtci oscopic Dcsciiption (See Figure 2) (i) Generally well preserved mucosa 
overlying a nodular mass of at>pical tissue consisting of broad interlacing bundles of 
spindle cells, often with fibrillar differentiation, fairly even in morphology with a mod- 
erate number of mitotic figures Ceitain portions of the tumor contain a very large 
number of vascular spaces generallj without lining (2) Similar to (i) except that it 
contains a large nodular mass in which large vessels exist which have a definite wall 
(3) Similar to proceeding ones, but shows a myxomatous degeneration of the tumor 

Pathologic Diagnosis Hemangiosarcoma of colon, vascular (angiosarcoma) 

In view of the unusual nature of this tumor. Doctor Strumia presented the slides to a 
number of his colleagues at a Pathological Conference at the University of Pennsylvania, 
Philadelphia, Pennsylvania, and they agreed with his interpretation 

Subsequent Course to Date This patient was next seen on January 25, 1946. foe ^ 
routine follow-up examination At this time she had gained weight, was eating well and 
had no gastro-mtestinal complaints She did mention, hovvev'er, that she was experiencing 
metrorrhagia and a gynecologic consultation was advised 

It was not until July 15, 1946, however, that the patient first consulted Dr Mario 
A Castallo for gynecologic examination At this time, the uterus was found to be the 
size of a three months’ gestation with a large polypoid growth extending from the cervical 
os to the posterior vaginal vault On July 23rd, dilitation and curettage and cauterization 
of the cervix with removal of the polypoid mass, followed bv the insertion of 3600 mg 
hours of radium in the cervical canal, was done bv Doctor Castallo at St Mary’s Hos- 
pital, Philadelphia, Pennsvlvania 

Microscopic sections of this polyp revealed it to be of a sarcomatous nature closely 
resembling the primary tumor of the colon (See Figure 3) 

The patient was then sent to Dr Paul Eberhard at Jefferson Hospital for roentgen-rav' 
therapy On September 26, 1946, roentgen-ray therapy was started to two anterior and two 
posterior pelvic ports, and 2000 r were delivered to each port Another 3000 r was given 
directly to the original site of the lesion through an intrav'aginal cone At the conclusion 
of this treatment, all evidence of the original lesion had completely disappeared and 
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Fig 2 Microscopic section angiosarcoma of sigmoid colon 

Fjc 3 Microscopic section of sarcomatous uterine polyp 
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vaginal examination by Doctor Castallo on October ii, 1946, revealed the uterus to be 
smaller in size with no evidence of recurrence of the polypoid mass 

The patient was last seen in September of I947. at which time examination was 
entirely negative and the patient was symptom-free 

SUMMARY AND CONCLUSIONS 

I Less than 400 proven cases of sarcoma of the colon have been described 
in the literature, and of these, approximately 95 per cent are lymphosarcomas 

II A case of angiosarcoma of the colon is presented which we believe is 
the first to be desci ibed 

III In the two and a half year interval since resection of the neoplasm, 
this patient has had no symptoms refei rable to her gastro-intestinal tract She 
did develop, however, a uterine polyp which upon removal was found to be 
of a sarcomatous nature, closely resembling the primary tumor of the colon 
The relationship between this lesion and that of the sigmoid colon is open 
to conjecture 
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ANNOUNCEMENT 

The Buffalo Surgical Society announces the award of the 
Roswell Park Medal to Dr Evarts A Graham for outstanding 
surgical achievement 

Doctor Graham will give the Roswell Park lectin e May 5, 1949 ) 
at the Klemhans Music Hall, 9 00 P M , Buffalo, N Y 


542 



BOOK REVIEW 


Detailed Atlas of the Head and Neck by R C Truex and C E Kellner New 
York, 1948, Oxford University Press 

This superb work was designed to supply the needs of students and practitioners alike, 
who are interested in regional anatomy of the head and neck It contains original presen- 
tations of clearly identified structures arranged in “layers” from without inwards, frontal 
and transverse sections, skeletal structures, and a large section on cerebral anatomy In 
contrast to other recently published atlases for use in special fields of head and neck 
surgery, this volume is all inclusive Small scale drawings of detailed anatomy of the 
orbit, jaw, larynx, etc , have been prepared with a view toward clinical application, and 
the specialist 111 any field of this part of the body will find them w'ell worth while Cada- 
vers were specially dissected for the illustrations Original diawings in each series were 
made from the same specimen for uniformity of scale In those instances where the scale 
was altered, that fact is accurately noted 

The student, especially in his first medical school year, will benefit by using this atlas 
as a supplement to his major text book As indicated in the introduction by E A Boyden, 
the change in emphasis from systemic to regional study of anatomy reflects an “awareness 
of the inextricable relation between<^he basic medical sciences and their clinical applications ” 

Henry P Royster, M D , Philadelphia 
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LETTER TO THE EDIIOR 

Dear Sir 

The National Paiaplegia Foundation \Mshes to announce the 
establishment of a hunted number of fellowships for reseaich m 
spinal cord disease and trauma and in the complications commonly 
associated with such disease or injury These fellowships carry a 
minimum stipend of $3000 per veai and may be awarded to any 
candidate who has demonstrated a capacit} for medical lesearch 
and has outlined a piogram of meritorious study The felloivships 
wnll be awaided by the Medical Advisoiy' Committee and aie open 
for award for the academic year 1949-1950 Application forms ma-\ 
be obtained from the Chairman of the Medical Ad^nsory Commit- 
tee, and applications should be submitted to him not later than 
June I, 1949 


L W Fieeman, M D 

Chairman, Medical Advisory Committee 
National Paraplegia Foundation 
1040-1232 West Alichigan Street 
Indianapolis 7, Indiana 
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TRANSACTIONS 

0! Tin 

SOUTHERN SURGICAL 
ASSOCIATION 

MEETING HELD \T WHITE SULPHUR SPRINGS, \y VA 
DECEMBER 7, 8, 9, 1948 


ADDRESS OF THE PRESIDENT 

THE SUHGICAL MAN-*-t 
ED^\IX P Lehman, M D 

ClI MILOTTI S\ II LE, Va 

Like i:m:uy trudext prlsidext of the Southern Surgical Association, I 
ha\e looked back to sec Mhat ni) distinguished predecessors have found 
worth} of presentation on like occasions Most of them have seen fit to discuss 
not surgical topics but w hat might be called parasurgical topics — essays on the 
position of surger} in society, on its effects upon society, on the men wdio have 
made curgery what it is, the color, the texture, even the tall tales of surgery 
It IS a tradition, both hteiar} and histoiical, that seems w^orth preserving 
There are not man} lostra from which this sort of essay is customarily 
presented 

The history of surgery in broad oi limited aspects has been the predominant 
subject The effect of the surgeon s efforts on the development of his art is 
interesting, but more importantly it is also the kernel of an understanding of 
modern surgery Nowhere have I found a discussion of the effect of the 
practice of surgery on the surgeon It is this subject that I have taken tonight 

* From the School of Surgery and Gynecology, University of Virginia, Department 
of Medicine 

t Presidential address, read before the Southern Surgical Association, W'^hite Sulphur 
Springs, W Va , December 8, 194^ 
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For my title I have shamelessly appropriated in translation a title from an 
address by Cushing on a somewhat different matter 

We are surgeons primarily because of either one or more of several innate 
qualities which our earliest contacts with medicine have brought to the surface 
The choice of a physician’s career is based upon a complex pattern of intellec- 
tual, emotional and practical considerations that do not concern us here We 
are concerned with the consideiations beyond these which first set our feet 
upon the surgical path — m effect, in what particulars we differ as surgeons 
from other physicians The fii st of these — and I believe the most compelling— 
IS delight in handicraft, the primitive fascination of artisanship No matter how 
often repeated, the clean division of tissue, the accurate seizure of a bleeding 
point, the neat placing of a suture, the gentle replacement of the fragments of 
a fractured bone are skills that give fresh pleasure The second particular is 
an intellectual demand for the clear-cut resolution of the obscure Through a 
surgical approach, disease is laid bale and the often-murky haze of sympto- 
matology IS burnt away The third is the appeal of a direct attack on disease, 
positive action for which we assume the responsibility There is a satisfaction 
m the prevention of peritonitis by the closure of a perforated ulcer, in the cure 
of cancer by radical operation, and in many like accomplishments that rest 
upon our individual decisions and efforts 

A fourth attraction that to unformed minds may be a compelling influence 
toward a life of surgery is its reputed glamour To the young man in his first 
contact with medicine the surgeon may appear in romantic guise The neophyte 
has been nuitured on presentments of surgery both in print and in motion 
pictures which we all know are too often false in emphasis and inaccurate in 
detail, presentments that describe the life of the surgeon as something beyond 
ordinary lives in coloi, in wisdom, in power His first glimpse of the quiet 
operating room, the shining walls and the gleaming instruments, the silent 
masked figures moving efficiently at their tasks under the command of the 
demigod with the scalpel in his hand does nothing to smudge the colors of the 
picture he has foimed But let responsibility, even a small share of the 
responsibility, for the successful prosecution of the surgical ritual fall upon his 
shoulders and the chromatic tints of the picture vanish, leaving uncom- 
promising lines of workaday black and white As Aldous Huxley has written 
“Adventures and romance only take on their adventuious and romantic qual- 
ities at second-hand Live them and they are just a slice of life like the rest 
There is no glamour in errors m judgment, clumsiness in manipulation, lack 
of omniscience , and there is no calling m which such defects are more cruelly 
paid for Let me not put this matter too naively There are a few of us, 
Thespians all, to whom glamour is still a living force m the daily course of 
surgery The rest of us, the great majority, can perhaps envy the preservation 
of an illusion which must do much to compensate for the dark periods of 
self-condemnation and remorse 

However, the reporters and the novelists and the scenarists have somehow 
largely missed what to me at least remains a daily drama It has been missed 
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because it is not a cliaina of action and responsibility, but lather a quiet diama 
of the mind, Ining onl} in the awaicness of one who has experienced it Just 
ahead lies action, the necessit} to pit knowledge and judgment and technical 
skill against the unknown Yet bcfoie the attack can be opened, a period of 
contemplation is enfoiced Foi a timed couise of minutes that sometimes seems 
interminable the suigeon must stand quietl) and peifoim the rhythmic move- 
ments of the SCI ub His hands may be suppled, but the tensions in his mind 
are apt to grow and the need foi self-contiol to become more and more imper- 
atne According to Bliss Perij, Haivej Cushing spoke of the “ceiebial 
excitement' of this period Y ith the exception of the conceit pianist or 
Molmist who ina) mciease the blood flow to his hands and arms by soaking 
them in warm water before emeiging from the wings, theie are few^ 
occupations m which lepose alwa\s must piecede decisive action 

The qualities of the surgical life that tend to attiact physicians to suigery 
are then fundamcntall} three — delight m handicraft, the satisfaction in an 
unequuocal answei to a diagnostic mjstery and the appeal of a purposeful 
and decisne attack You will note that the aspects of life common to all 
doctors are not included, such as the daily contact with physical and mental 
distress, the dedication to its lelief and the things that the last implies — 
obserAation, reading, imestigation You will note also that nothing is said 
of material re w aids 

What qualities m man does this sort of life breed ^ In attempting to find 
the answer to tins question, one must not assume that no other occupation, 
medical or nonmedical, will bleed like qualities As a matter of course, these 
qualities are the result of Ining successfully anj sort of adjusted life Perhaps 
this particular sort of life has a tendency to foster certain of the finer possi- 
bilities with which, in spite of a massive disillusionment created by the modern 
international scene, I still believe all men are primarily endowed And here 
another assumption must be categorically denied Let no one say that the 
tendenc) of the surgical life to fostei certain qualities means more than it says 
One must not imply that the result is necessarily a perfect race of men, the 
demigod of the novel and the screen Let us be thankful only that the life w^e 
live tends to cultivate our larger qualities rather than the littleness that lies 
in us all The mechanism is simple If w^e would be good surgeons— an aim 
common to every one of us— these qualities must giow^ in us 

The first of them is intellectual honesty If we have not that w^e do not 
rate the honored name of surgeon An honest appraisal of errors and ignorance 
and an honest acknowledgment of them to oneself, to colleagues and to juniors 
comprise normal behavior The surgeon may often dread the autopsy table, 
but he does not try to conceal error by discouraging postmortem examination 
It IS, perhaps, significant that when all sorts of ill chances w^ere being imag- 
inatively referred to a fantastic race of giemlins, no surgeon predicated a 
gremlin that breaks the ligature at a critical moment, or pushes the bowel upon 
the blade of the knife as the peritoneum is opened, or hides the stone in the 
recesses of the common bile duct, or seeds the hernia wmund with streptococci 
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These disasters are commonly the cause for self-examination, critical and 
searching , and any other reaction, even that of placing deserved blame on some 
other membei of the operating team, must await a rigid exoneration of oneself 

A second quality bred by the practice of surgery is intellectual curiosity 
It is not without meaning that many of the fundamental contributions to our 
knowledge of the mechanisms of the human body have been made by men who 
were primarily suigeons The membership of our own association contains 
those whose studies of physiology both normal and abnormal have been illum- 
inating to the whole field of medicine It is natural that this should be so No 
one could be more deeply concerned with physiologic mysteries than the 
suigeon who has seen his pathologic knowledge and technical skill go for 
naught when the patient succumbs m a manner not explained The fact that so 
often surgical exploration explains the hitherto mysterious makes all the more 
harassing a failure to understand clearly Surgery offers day in and day out a 
stimulus to the widening of man’s knowledge of man’s disordered body 

A third effect of surgery on the surgeon is the development of what might 
be called a rational approach to suffeimg It is probable that a surgeon in a 
busy life has caused by his deliberate action more physical pain with its 
attendant emotional distiess than any other single individual except an Inquis- 
itor of the Middle Ages or the commandant of the Gestapo the M V D or the 
concentration camp Yet no one consideis the surgeon a cruel man His 
behavior is genuinely kind He measures the evil of postoperative suffering 
against the evil of suffering from disease When one contemplates this daily 
balancing of evils one against another, it becomes evident that sentimentality 
can have no part The surgeon is fortunate to be relieved, by the very nature 
of the decisions he must make, of the bin den of a superficial emotion that can 
confuse lational behavior 

In the fourth place, surgery breeds equanimity in difficult times To quote 
from Osier’s classic essay'’' “Now a certain measure of insensibility is not only 
an advantage but a positive necessity in the exercise of calm judgment and in 
carrying out delicate operations Keen sensibility is doubtless a virtue of high 
order, when it does not intei fere with steadiness of hand or coolness of nerve 
Surgeons are faced with situations that try equanimity to its veriest limit The 
escape of a cystic artery from control in the remote depth of an obese abdomen, 
a rapidly enlarging wound in a paper-thin obstructed bowel, the contamination 
of an essential instrument at a critical moment, the error of a ti listed assistant, 
a sudden failure of the patient’s respiration or heart beat, each of these, various 
as they are, calls for a degree of self-control that must permit immediate action 
accurately adjusted to the paiticulai emergenc}'^ We must pity the rare sur- 
geon who explodes undei such circumstances It is only by cool decisiveness 
that these not uncommon disasteis can be effectively met 

Equanimity is closely i elated to couiage, the fifth quality surgeiy fosters in 
the surgeon and the last that I mention Courage is often necessary to maintain 
equanimity or to exercise comjDlete intellectual honesty, but as a separate entity 


“Aequanimatas ” 
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It has charactenstics of Us own It is the quality that enables the siiigeon to 
assume responsibilit\ for the i emote chance of helping the desperately ill 
patient no matter what the iisk It is the quality that lefuses to consider 
mortahti lates oi public leaction It is feailessness of any consequence except 
harm to the patient It is the deteiminant of action iii the cool moments before 
action begins, before the heat and the piessure of the enieigency It is bold 
decision w bile } et there is tune to think, decision made m the lonely black depths 
of one's consciousness without emotional suppoit of cheenng crowds or mar- 
tial music SiiicK theie is no calling that so often demands the sort of calm 
reasoned courage that is the best that man can oflfei to the w'orld 

Now all this smacks of a nobility that no breed of mankind can possibly 
boast Note well again that I have said that the practice of surgery only fosters 
these fine traits of charactei, not that it inevitably develops them We are 
imperfect humanit\. subject to all the weaknesses of intellect and emotion, the 
defects of charactei that ha\ e led man to his present not too happy state Since 
we are subject to these impeifections, let us not forget that the life of a 
surgeon ma\ foster some ot the less amiable qualities of man Let our waves, 
our assistants, the muses in our operating rooms and waids testify to the 
occasional pettiness of oui demands and the biiists of temper that may gieet 
Jailures to meet tliein I doubt not the} would be eloquent The conditions of 
surgical action which alwa}s must seek peifection m detail make such behavior 
eas} At the risk of moralizing let me say that this fact serves as an explana- 
tion onl\, hard!} as an excuse 

There is one result of the common life we lead that is uniformly good 
W'e like each other \\ e know the trials that w'e all face, and no one but a 
surgeon can know them in all their fullness We know’ that each of our col- 
leagues has cultnated a modicum of the nobility mheient m the smgical art, 
enough, at least, to place him where he stands today We are diawn together 
into a guild b\ our common problems and then common solutions We w^ondei 
if any othei craft can unite in such mutuality of emotion as w’e instinctively 
display It IS proper that we so w’onder If we did not, the essence of our 
unit} m surgery would be imperfect “We be of one blood, ye and I ” 

Friendships ma} be classified upon three levels abdominal, thoiacic and 
cerebral Abdominal friends enjo}- the good things of life together such as we 
ha\e enjo}ed tonight Thoracic friends are attuned in emotional lesponses — 
kindness honest} , equanimity, courage Cerebral friends experience cm losity 
regarding the same mysteries, face common intellectual problems from the 
and seek w ith the same tools of reason the answ^er to the 
unknowm In the three categories of friendship, surgery knits us together I, 
for one, w’ould belong to no other fellow’ship 
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SEX RATIO EXPERIMENTAL STUDIES DEMONSTRATING 
CONTROLLED VARIATIONS — PRELIMINARY REPORT^ 

Debyl Hakt, M D , AND James D Moody, M D 

FROM THC DEPARTMENT OF SURGERY DUKE UNIVERSITY SCHOOL OF MEDICINE 
AND DUKE HOSPITAL 

Experimental work, carried out in an effort to determine the factors 
responsible for mtra-uterme sex differentiation, has been almost without limit, 
while the positive results have been meager Theories as to the factors respon- 
sible for this sex differentiation have been as varied as the experimental work 
Our interest m this age-old problem was aroused by the clinical observation 
that when insemination occurred early m the fertility period the resultant 
offspring was more likely to be a female, and when insemination occurred late 
m the fertility period the resultant offspring was more likely to be a male 
The concept was drawn from these observations that the sex of the fetus may 
be determined directly or indirectly by the time relationship between insem- 
ination and ovulation The experimental work and a statistical analysis of 
the sex distribution in human twins, herein reported, were performed in an 
attempt to confirm or disprove this 

In order to make clearer the bearing on the present study of certain data 
gathered from previously published work, it seems desirable at this time to 
present our concept in diagrammatic form (Fig i) 

In the middle of the feitihty period the sex ratio is presumed to be 
approximately equal As one increases the time interval between insemination 
and ovulation, either before or after ovulation, there is an increasing predomi- 
nance of one sex In making the diagram (Fig i), we have used the figures 
from our experiments on late insemination, and these show the male predomi- 
nance in the latter part of the fertility period It has been presumed, with 
some supporting data, that a female preponderance is probable in the early 
stages of the fertility period It should be understood that the sex pattern as 
illustrated is based on our experiments with rats and our analysis of human 
twins and may not appl)r to every species 

HISTORICAL 

It IS nearly impossible and also unnecessar}’’ at this time to summarize 
even briefly, all the experimental and clinical work performed on the problem 
of predetermination of sex In this vast amount of material, we found certain 
data that tended to uphold the above-mentioned concept For example, in 
1 934, Hammond^ made a study of fertilization of rabbit ova in relation to 
time intervals following mating Knowing that rabbits will ovulate approxi- 
mately lo hours following mating, he first mated female rabbits with vasecto- 
mized males to stimulate ovulation and then with normal males for insem- 
ination at different time intervals The results are given in Figure 2 There 

c — * — ■ 

* This study was aided by a grant from the U S Public Health Service 

t Read before the Southern Surgical Association, White Sulphur Springs, a > 
December 7, 1948 
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IS a marked shift m the sex latio, giving a piepondeiance of males as the time 
of insemination appioaches the time of ovulation Although we are unable 
to explain the sudden reveisal in sex latio at the time of ovulation and two 
hours later, the sharpl}' inci easing curve in favoi of the male sex as insem- 


SEX RATIO (RAT) FROM INSEMINATION AT VARYING TIMES 
THROUGHOUT HEAT PERIOD 
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Fig I — This chart on sex ratio represents in general our idea of the 
effect of the time relationship between insemination and ovulation on the sex 
of the offspring The right part of the graph is plotted from the actual sex 
ratio in the litters of rats resulting from delayed inseminations It is obvious 
that in this portion of the heat period insemination results in a high pre- 
ponderance of males It can be readib-^ assumed that, m the middle of the 
heat period there is a broad band, during w'hich time the majority of insem- 
inations occur, and the sex ratio is approximately equal In view of the 
fact that m our breeding colony the offspring are approximately equally 
divided between males and females, the preponderance of males on the right 
must be counterbalanced wnth a like preponderance of females This pre- 
ponderance of females w'e have assumed to result from inseminations occur- 
ring early in the heat period This is theoretical and is showm by the dotted 
lines on the left of the graph We have analyzed each litter in the breeding 
colony and have grouped these according to the varying sex ratios as indi- 
cated The space gnen for each group is based on the actual percentage 
relationship the litters m the group bear to the total number of litters The 
similarity of this distribution to the experimental and theoretical sex ratio 
plotted above is very striking 


ination approaches ovulation certainly seems significant When the figures are 
broken down to compare vanous litter sizes (Fig 3), the variation in sex 
ratio is still stnking in the larger-sized litters 

These figures, then, would tend to make one believe that varying the 
actual time of insemination in the rabbit from the normal time of 10 hours 
prior to ovulation to a shorter period of time directly influences the resulting 
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FERTILIZATION OF THE RABBIT OVA IN RELATION TO TIME 
HAMMOND 1934 



+ 10 +5 to +3 + 2 to + 1 O to “1 


HOURS OF INSEMINATION IN RELATION TO OVULATION 

Fig 2 — In these experiments normal females 
were mated with vasectoniized males to stimulate 
ovulation, which is known to occur approximately 
10 houis latei At the times indicated, these same 
females w'eie inseminated b\ mating with normal 
males The resulting offspring show an increasing 
percentage of males as the time of insemination 
approaches the time of o\ulation We offer no ex- 
planation for the reversal of this trend w’lthin the 
period of two hours following ovulation 


FERTILIZATION OFTHE RABBIT OVA IN RELATION TO TIME AND LITTER SIZE 

HAMMOND 1934 
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HOURS OF INSEMINATION IN RELATION TO OVULATION 


Fig 3 — This figure show's a further analysis of the results given in 
Figure 2, obtained/ by breaking them dowm into the varying litter sizes as 
showm There is still an increase in the percentage of males follow’ing tlie 
inseminations near the ovulation period even though the results for t le 
inseminations for the two-hour period following ovulation are included ine 
greater increase occurs m the larger litter sizes 
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sex latio in fa\oi of the male It is entnel} supposition, but, at the same 
time, one might achance tlie theoiy that insemination pnor to the lo-hour 
period might lesult m a sex latio with a piedommance of females 

In this animal, since ovulation is not cj^clic but is stimulated by and follows 
mating In appioximateh lo hours, it must be piesunied that mating occurs 


DELAYED INSEMINATION IN THE RAT 
BLANDAU AND JORDAN 1941 


NO OF ANIMALS 

102 104 69 59 

...■-U- --I 4 = 



CONTROL -6 -10 -12 
GROUP AFTER 

IN HEAT OVULATION 


ARTIFICIAL INSEMINATION IN 
THE HUMAN - SEX RATIO 

(SEYMOUR AND KOERNER 1941) 


160 



NORMAL ARTIFICIAL 


Fig 4 Fig s 

Fig 4 — These are incidental figures from a study of the development of the rat ovum 
following late fertilization by artificial insemination The increase in the percentage of 
males is in agreement with the concept expressed aboie and illustrated in Figure i 

Pig 5 — Tlus great male preponderance as compared to the general birth ratio of 
approximately 105 males per too females is statisUcallv highly significant and must be 
based on some factor connected w’lth the artificial insemination The inseminations w^ere 
relatnely infrequent In the cases in wdiich an attempt was made to determine the time 
of o\ulation, the insemination probably follow'ed this event Consequently, the number 
of inseminations occurring following ovulation was probably higher than would be the 
case under conditions of normal sexual activity, and it is our opinion that the increase 
in the percentage of males is a direct result of this 


at the optimum time for fertilization and for the production of the sex ratio best 
suited for the propagation of the species Consequently, the figures given fit 
in with our concept, since the onset of mating probably represents the point 
of the fertiht)'- period optimum for the even distribution of sexes Variations 
in the time of insemination from this optimum point toward the end of the 
fertility period are showm to give a preponderance of males 

A second report giving experimental results on delayed insemination in 
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the rat further substantiates this concept In a study of the effect of delayed 
fertilization on the development of the rat ovum, Blandau and Jordan in 
1 94 1 2 reported their results on a large group of animals inseminated at various 
hours following ovulation The results are given in Figure 4 There is an 
increased percentage of males in the offspring resulting from inseminations 
from 6 to 12 hours after ovulation Unfortunately, the results for each of 
the three time periods (Fig 4) are not available If these were broken down 
into the three groups, the results might be more striking 

The following reports give data which we consider to have a definite 
bearing on this concept in its relation to the human sex ratio Seymour and 
Koerner m 1941,® by circularizing physicians, collected 9,489 births resulting 
from artificial insemination In this group there was a preponderance of males 


Table I — Tzmtts Reported by Greuhch 

Distribution into Monozygotic and Dizygotic Groups 
A B 

Distribution Based on 2S S of 

As Reported Twins Being Monozygotic 


Unlike sexed dizygotic 

171 

Monozygotic 

137 

Like sexed 


Dizygotic unlike sex 

171 

Dizygotic 

128 

Dizygotic, like sex 

230 

Monozygotic 

96 

% like sex as compared with unlike 


Undetermined 

143 

sex in the dizygotic group 

134 S 


(5,676 males to 3,813 females) The normal sex ratio of 105 males to 100 
females would have resulted in 4,861 males to 4,628 females The collected 
series therefore showed a 48 per cent increase in the males over the theo- 
retically expected numbei (Fig 5) This increase might be attributed to the 
fact that, in so far as the time of ovulation could be determined, artificial 
insemination was probably earned out at or following ovulation in a larger 
percentage of cases than would occur in the normal course of sexual rela- 
tionship If such were the case, the high preponderance of males could be 
readily explained on the concept expressed in Figure i 

Greuhch in 1934'^ reported 538 sets of twins as classified in Table I, Sec- 
tion A There is a total of 17 1 unhke-sexed to 271 hke-sexed tivins after the 
definitely monozygotic group (96) has been eliminated Gieuhch, on a study of 
body characteristics, and Guttmacher,® on the basis of placental studies, arrived 
independently at a figure of approximatel)!^ 25 5 per cent as representing the 
percentage of all twins that are monoz)'^gotic If all the twins reported by 
Greuhch are considered on this percentage basis, v e get the distribution given 
under B, Table I 

For the dizygotic group this leaves us with a definite preponderance of the 
hke-sexed twins (230) as compared with the unhke-sexed (171) 
basis of chance alone, the number of unhke-sexed tv ins in the dizygotic group 
would be balanced by the same number of hke-sexed twins After balancing 
unhke-sexed with an equal number of hke-sexed we are left with a surplus 
of 59 hke-sexed dizygotic twins This prepondei ance can be explained readil} 
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by our concept as lesulting from inseminations occurring eithei early or late 
m the fertilit} period 

The percentage distiibution of monoz3gotic and dizygotic twins as given 
in the articles of Greuhch and Guttmachei enable us to utilize the figures on 
tnins given m the Mtal statistics of the United States In the publications 
a\ailable (1941. 1942, 1945'’’ "’®) these weie broken down into unlike- and 
hke-sexed male and female There were a total of 86,996 sets of twins and 
S27 sets of triplets accurately difieientiated as to sex These aie recoided by 
}ears foi tvms as gi\en in Table II, while the small number of triplets are 


ANALYSIS OF SEX DISTRIBUTION IN TWINS 


MONOZYGOTIC -25 5 % DIZYGOTIC DIZYGOTIC 



Fig 6 — Among twins, both in Greulich’s senes and in the U S Vital 
StatisUcs reports, there are more than twice as many hke-sexed as unhke- 
sexed A considerable part of this excess is accounted for bj the single-ovum 
twins, winch must be hke-sexed In the dizygotic group, by chance alone, 
there should be an even distribution of like- and unlike-sexed twins How- 
ever, as showm, there is a surplus in the hke-sexed dizygotic twins ranging 
from' 26 to 34 per cent As explained in the text and in Figure 7, we believe 
this surplus is accounted for by insermnations occurring both early and late 
m the fertility period 


combined as given m Table III For the twins, the table shows a breakdown 
into monozygotic male and female groups and dizygotic unlike- and hke-sexed 
groups, with the latter further divided into groups of males and females From 
this table and from Greulich’s figures we have plotted Figure 6, showing the 
preponderance of the like-sexed over the unlike-sexed in the dizygotic groups 
For Greulich’s group this ratio was 134 5 per 100, while for the much larger 
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DISTRIBUTION OF LIKE AND UNLIKE SEXED DIZYGOTIC TWINS (US Vifol 
Stotistic Reports) IN CORRELATION WITH THE SEX RATIO GRAPH GIVEN IN FIG I 


FERTILITY PERIOD 

FEMALE 

=REP0N'0£RANCE 

SEXES EQUALLY DIVIDED 

MALE 

PREPONDERANCE 



I'lf, 7 — Di 7 mioIic or clouhIc-o\ uni, twins gue us an excellent approach 
to this problem through statistics alrcadj a\ailable If the concept as 
explained abo\c is correct namch, that early insemination results in a pre- 
ponderance ol females and late insemination results in a preponderance of 
males, tiicrc would ncccssarii\ he a preponderance of like-sexed dizygotic 
twins Those resulting from earl\ inseminations would be predominantly 
like-sexed females, those from late inseminations predominantly like-sexed 
males while those resulting from mseminatioiis m the mid-fertility period 
would In the law of chance, be equally dnided between like and unlike sexes 
The' upper part of this graph shows the times of insemination wdiich, in 
our opinion, result in female preponderance, relatn el}'’ equal sex distribution 
and male preponderance This is patterned after Figure i 

The lower part shows in tiie mid-fertihty penod, the unlike-sexed dizy- 
gotic twins balanced with an equal number of like-sexed dizygotic twins, the 
latter dnided between females and males in the ratio of the total like-sexed 
females to the total like-sexed males for the }ear There is a surplus of both 
like-sexed females and males which cannot occur consistently in such large 
numbers and in such a constant ratio by chance alone Therefore, w'e feel that 
chance alone as an explanation of the relatively equal ratio of the sexes, even 
in single births, is untenable Such a distribution of like- and unlike-sexed 
diz}gotic twins can be explained only by the premise that in a certain portion 
of the fertihu period insemination is more likely to result in female offspring, 
w'hile in another portion insemination is more likely to result in male offspring, 
and these figures therefore can best be explained by the concept advanced 
by the authors 
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census figures the ratio was 127 3, 126 6 and 126 3 per 100 for the years given 
This preponderance of the hke-sexed over the unhke-sexed in the dizygotic 
group is beyond the possibility of chance 


ANALYSIS OF SEX DISTRIBUTION IN TRIPLETS 
(Vitol Slotistics of the USA - 1941 , 1942 ond 1945) 


THEORETICAL DISTRIBUTION 
ACTUAL DISTRIBUTION 



Fig 8 — The figures given above are taken 
from Table III and show the marked deviation of 
the actual sex ratios from a theoretical distribution 
based on chance There is a great increase in the 
number of hke-sexed males and females over the 
expected number based on chance, and this seems 
to be greater than would be expected on the basis 
of monozj^gotic triplets alone 


Table III 

— Vital Statistics of the United States- 

—Triplets 


Year 

3 Females 

2 Females 

1 Male 

2 Males 

1 Female 

3 Males 

Total 


1941 

70 

63 

62 

74 

269 


1942 

69 

75 

61 

85 

290 


1945 

67 

64 

65 

72 

^68 


Total 

206 

202 

188 

231 

827 


Theoretical distribution by 






chance 

103 S 

310 

310 

103 5 




We have no statistical data on which to base a differentiation into monozj gotic an 
dizygotic groups A comparison w ith Table I sh ow s that the percentage of three o i e 
sex as compared to the 2 1 distribution is almost as high as the tw o of like «ex is to e 
1 1 distribution among twins even though statistically it should be much less 


In Figure 7 the statistics from Table II have been further broken own 0 
show the distribution of the excess number of hke-sexed dizygotic 
male and female groups As set forth in the legend, we have shown t a 
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IS only one explanation for this, namely, that there has to be some portion of 
the fertility period during which insemination results in a preponderance of 
females and another portion when insemination results m a preponderance of 
males The distribution of this excess number of like-sexed dizygotic twins in 
Figure 7 is arranged so as to explain them on the basis of early and late 
inseminations as advanced m the authois" concept 

The United States Vital Statistics for the years 1941, 1942 and 1945 report 
827 sets of triplets with the sex distiibution recorded (See Table III) and two 
sets of triplets with the sex unknown 


SHOWING THE TIME OF ONSET OF HEAT IN RATS - BLANDAU ET AL 



Fig 9— This graph, plotted from the published work of Blandau and 
his co-workers, shows the time of onset of heat in rats as determined by the 
copulatory response The experiments here reported are based on the fact 
that the great majority of rats go into heat within a relatively short space of 
time centered at about 7 p m It was realized that all rats going into heat 
after 10 pm would dimmish the expected male preponderance from insem- 
inations earned out from 6 to 10 a m , but it was felt that statistically sig- 
nificant results could be obtained in spite of this 


From the figures given in Table III we have plotted the graph m Figure 8 
This shows the preponderance of like-sexed females and males to be more 
than twice as great as would be expected from chance alone Since we have no 
statistics indicating the percentage of monozygotic triplets, we have been unable 
to plot this graph on the basis of triplets resulting from fertilization of separate 
ova However, the marked divergence of the sex ratio from the theoretical 
distribution of sexes based on chance is sufficiently great to appear significant, 
even though the monozygotics have not been eliminated (Compare with Fig 6) 

MATERIAL AND METHODS 

Experiments were first undertaken with rats since much was already known 
about their sexual behavior, since they are relatively inexpensive to maintain, 
and are highly productive, with a relatively short gestation period Animals 
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for the experiment were taken from our own breeding colony of the Osborne- 
Mendell strain since we had accurate statistical data on the sex ratios covering 
the years since 1937, which could be used as a control 

At the beginning of the experiment in 1946 and 1947 the living quarters 
for this colony were not comparable with those of the control group The 
cages were crowded, lighting was inadequate and adequate temperature control 
was impossible The diet of the control and the experimental groups has always 
been identical At the beginning of 1948, adequate cage space was obtained in 
a well-lighted, propeily ventilated room with time-controlled light switches 


Time motim 
first permit! 


Doles moling 
permitted 
220 


VARIATIONS IN THE SEX RATIO IN RATS DEPENDENT ON THE TIME RELATIONSHIP 
BETWEEN OVULATION AND INSEMINATION (WITHOUT CONTROLLED LIGHTING -1947) 
(Approximole time ofovulolion 3to5om) 
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No offspring 
No of litters 
Vocfper 100$ 
Averoge % 


Fig 10 — This giaph shows the first experimental results obtained As 
noted in the text, in the hrst experiments at 3, 6, and 9 a m only the 6am 
group showed a marked male preponderance Since, with the limited facil- 
ities, only a few experiments could be run, it seemed desirable to concentrate 
on the 6 am group to determine whether or not a male preponderance would 
be constant This proved to be the case, as shown m the graph, despite the 
fact that defective equipment, discovered only toward the end of the experi- 
ment, may have at times pennitted mating earlier than the scheduled hour 
given on the chart Such uncontrolled matings may have accounted for the 
results of these experiments being less significant statistically (49 
increase m males) than those obtained in the better-controlled experim^s 
in 1948 (68 per cent increase in males for the 6 am group) Figure iiB The 
100 I percentage mark indicates the ratio of males per 100 females m 
the breeding colony and the 49 per cent increase in males was based on these 
figures as a control 


From this time on the laboratoiy Avas kept dark from 8 pm until 6 am 
throughout the year, giving a constant daily 14-hour light period Temper- 
ature regulation has been improved, being thermostatically controlled at 84 F 
during the heating season, but the laboiatory has not been air-conditioned for 
the summer 

It was felt that the easiest approach to this problem was to produce pre^ 
nancies by inseminations through normal mating, permitted only at e m e 
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tunes in the lattei pait of the heat peiiod (Figs lo and ii) This we have 
assumed to be the lattei pait of the feitility peiiod This nas done by placing 
sexuall} mature male and female lats m adjoining cages connected by a shoit, 
closed runway The lattei was opened automatically by a time-controlled 
mechanism set each evening The tiap dooi w'as a solid sheet of metal wdnch 
shielded one cage fiom the othei 


EXPERIMENTS - 1948 


CONTROL -MATING UNRESTRICTED 


Expenmenf Noj 

Dotes mating 
permitted 
300 


ri 
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4/23 
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5/13 
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5/13 
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TO 

6/3 


5/24 

TO 

6/14 


6/7 

TO 

6/27 



No offspring 
Naof litters 
"/ocfperlOOS 
Averoge % 


A 

Fig iiA — T he major control for all these e\- 
penments was the output for one year of the 
medical school breeding colony from which these 
experimental animals were taken With more than 
12,000 offspring there was a sex ratio of loo i 
males per loo females In addition, we ran a fur- 
ther control, using six of the same groups of ani- 
mals as used in the experiments These gave the 
sex ratio as shmvn above (Part A) with an aver- 
age of 91 males per 100 females The 6, 8 and 9 
A M experiments (where there was no chance of 
earlier mating— see Fig 10) show a progressive 
rise in the percentage of males from 168 to 255 


Mating w'as permitted daily over the period of time and beginning at the 
hour indicated on the charts (Figs lo and ii) Groups of 15 females were 
used wuth corresponding groups of six males The females w^ere left in their 
cage continuously over this period wdiile the males w^ere used in rotation daily 
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in groups of two The sexes were separated daily between 9 and ham 
Handling was kept to a minimum. 

After the total period of mating, the group of females was isolated for 24 
days Rats which became piegnant were removed from the group before the 
termination of gestation and returned to the group after weaning the litter 
at 21 days Each group was discarded after four experiments 

When a litter was born, the sex of each offspring was determined by the 
anogenital distance® The young weie allowed to grow to 21 days, at which 
time they were weaned and the sex of all sunuvors was checked again as a 


VARIATIONS IN THE SEX RATIO IN RATS DEPENDENT ON THE TIME RELATIONSHIP 
BETWEEN OVULATION AND INSEMINATION (WITH CONTROLLED LIGHTING -1948) 
(Approximote lime of ovulolion 3 to 5 om) 

Time moling 
first permitted 


Dotes moting 
permitted 
300 


1 4AM 


6A M 


8AM 

. 

9AM 


lOAM 

1 

2 


1 

2 


1 

2 

3 


1 

2 

3 


1 

2/5 

TO 

2/25 

3/10 

TO 

3/30 

1 

2/7 

TO 

2/27 

4/27 

TO 

5/17 


2/14 

TO 

3/5 

4/6 

TO 

4/26 

7/26 

TO 

8/15 


4/13 

TO 

5/3 

7/26 

TO 

8/15 

8/14 

TO 

9/3 


7/26 

TO 

8/15 



No offspring 
No of litters 
% o' per 100$ 
Averoge % 


B 

Fig iiB — There was only one litter m the lo o’clock group and tins 
showed a male preponderance of 233 per cent From these figures, one would 
conclude that there was evidently some error in the 9 a M group in i 947 
(Fig 10), probably the result of early mating due to defective equipment 
Analysis of these figures in the delayed-msemination groups show them to be 
highly significant and almost certainly beyond the possibility of chance 

control against the primary sex differentiation Whenever possible, the sex of 
any rat dying within the 21 -day peiiod was also checked 

RESULTS 

These experiments can be divided into two groups The first of them, done 
m 1947, were performed under somewhat unsatisfactory conditions and the 
second m 1948 under much improved conditions, as noted above The tota 
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output of the medical school bi ceding colony for the year begmmng November 
3, 1945, IS taken as a control for both the 1947 and 1948 experiments In this 
}eai, with 12,135 offspring 1 caching the age of 21 days, at which time they 
were sexed, there w^ere 6,071 males and 6,064 females in a total of i,540 
litters or a latio of 100 i males per 100 females The sex ratio by litters is 
given in the chart of Figure 12 During the past tw^o years, all large litters 
have been 1 educed to eight at the time of birth, wuthout any attempt to deter- 
mine the sex of the discards Foi these yeais, 11,202 (5,670 males and S> 53 ^ 


DISTRIBUTION OF INDIVIDUAL LITTERS IN THE CONTROL AND EXPERIMENTAL 
GROUPS (1948) ACCORDING TO SEX RATIO 


60 


LITTERS WITH 60% 
OR MORE MALES 



4571 




LITTERS WITH SEXES 
DIVIDED BETWEEN 40-60% 



LITTERS WITH 60% 
OR MORE FEMALES 



BREEDING 

COLONY 

CONTROL 


EXPERIMENTAL COLONY 

1 MATING UNRESTRICTED 



0 H B 0 0 m 


0 0 


0 0 

0 0 0 0 0 0 

0 

6A.M I 

1 BAM 1 1 9 AM 1 

"Ho 

AM 

1 MATING RESTRICTED i 


Fig 12 — The breeding colony control group shows essentially equal 
distribution of the predominantly female and the predominantly male litters 
(Fig i) The e'vpenmental colony control, using a relative surplus of males 
as compared with the small number of females m heat at a given time, shows 
a somewhat greater percentage of litters having a female preponderance as 
compared with those having a male preponderance As contrasted to these, 
in the delayed-msemination groups, not a single litter show'ed a preponder- 
ance of females, only four showed a relatively equal distribution of sexes, 
w^hile all other litters showed a preponderance of 6o per cent or more males 


females) and 10,700 (5,417 males and 5>283 females) offspring have reached 
the age of 21 days, wuth a sex ratio of 102 49 and 102 54 males per 100 females 
for the respective years 

In order to make the matings m the experiments as normal as possible, and 
to mimrmze handling, we have utilized the reports as given by Blandau and 
others^®’ that the majority of female rats go into heat between 5 and 10 p m , 
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with the peak occurring at 7 o’clock (see Figs 9 and 13) The length of heat 
as given by them averaged 13 7 hours and ovulation was complete m almost 
all animals by the tenth hour aftei the onset of heat (Fig 13) 

\\hth these facts in mind and m order to produce pregnancies late 111 the 
feitihty peiiod, the hist experiments in delayed insemination were carried out 
at 3, 6, and 9AM The lesults, as shown in Figure 10, reveal that in the first 
three expeiiments the most striking vaiiation in the sex latio obtained was in 
the 6 am group Since only a few experiments could be run because of the 
small size of the colony, it was decided to limit the experiments to the 6 am 


CORRELATION OF THE RESULTS OBTAINED IN THE DELAYED INSEMINATION EXPER- 
IMENTS WITH THE TIME OF ONSET OF HEAT AND PROBABLE TIME OF OVULATION 



HOUR 3 4 6 8 9 10 AM 


Fig 13 — In order to show the relationship between the time of insemination and 
ovulation, we have plotted our experimental results of delayed-insemination superimposea 
on a graph (plotted from the published figures of Blandau, ct al ) showing the time ot 
onset of heat and the probable time of ovulation in the rat This shows that with insem- 
ination performed at progressively increasing periods of time following ovulation, there is 
a corresponding increase m the percentage of male offspring The controls here are tie 
100 I per cent line for the breeding colony sex ratio and the 91 per cent line lor 
experimental colony control as used throughout these experiments 


group to see if the prepondeiance of males would be maintained This was 
found to be true The almost equal sex ratio in the 9AM group statistical y 
IS of little significance , it was felt that faulty equipment allowed insemination 
earlier than recorded on the chart This will be explained later Further chec 
on the 9AM matings was left for the 1948 experiments, our objective at tns 
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time being to determine i\hether or not the experiment warranted continued 
investigation In the lo experiments carried out m the 6 am gi oup there were 
458 offspring with a ratio of 149 males per 100 females as compared with 100 i 
males per 100 females in the control group This gave a 49 per cent increase 
in the percentage of males 

1948 EXPERIMENTS 

Early in 1948 many of the unsatisfactory physical conditions in the labo- 
ratoiyr were lemedied Among these was the institution of accurately con- 
trolled hours of light (from 6 am to 8 p m ) and darkness (from 8 p m to 6 
am) Our objective vas to determine how late in the heat period a reasonable 
number of pregnancies could be obtained, and the time at which there would 
be the highest percentage of males We began the experiments using the hours 
4 and 6 am which we believed to be near the probable time of ovulation The 
4 a ji group compared roughly with the 3 AM group of 1947 while the 6 am 
group with 67 offspring gave a ratio of 168 males per 100 females as compared 
with 149 males per 100 females 111 the 1947 expeiiments 


Table IV — Effect of Lfltc Insennmtton on the Sex Ratio of Individual Littcis {Rat) 


Time Female Sexes Equally 

Late Preponderance Divided Male Preponderance 

Insemination 75-100% 00-75% 40-60% 60-75% 75-100% 

No % No % No % 

6am 0 0 1 14 3 6 85 7 0 0 

8 am 0 0 1 10 8 80 1 10 

9 am 0 0 2 IS 4 4 30 8 7 S3 8 

10 am 0 0 0 0 1 100 0 0 0 


We then began further experiments utilizing later hours as given in Figure 
1 1 B In the 8am group with 90 offspring the ratio of males per lOO females 
was increased to 190 while in the 9AM group with 103 offspring, this ratio was 
further increased to 255 (Figure irB, for individual litters and a statistical 
chart of these see Table V and Fig 12) In the first 10 a m experiment only 
one pregnancy resulted In all likelihood this rat went into heat late, since at 
this time all other rats 111 the group apparently had passed through the heat 
period , further experiments in this group have not as yet been carried out In 
this one litter (7 males and 3 females) the sex latio was 233 males per 100 
females 

In addition to the control figures taken from the medical school breeding 
colony of rats, we considered it necessary to run an additional control, using 
the same groups of animals under identical conditions as in the late insemina- 
tion experiments, except for the fact that the males and females were together 
continuously for the duration of the experiment (Fig iiA) Each group of 
rats used once for a control experiment, was used both before and after this 
time for late insemination experiments In six control groups there were 481 
offspring The ratio of males per 100 females varied from 74 to 107, with an 
average of 91 (Fig iiA) 
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Table V — All Expenments zmth Late Jnscimnations and Their Controls for the Year 
1948 Using Constant Periods of Light and Darkness 



Mating 





Total No 

% Males 

Exp 

Permitted 

Dates Mating 

Day of 

No 

per Litter 

per Exp 

per 100 

No 

Beginning at 

Permitted 

Delivery 

M 

F 

M F 

Females 

1 

4am 

Feb S-Feb 25 

Mar 11 

3 

3 

3 3 

100 

2 

4 am 

Mar 10-Mar 30 

April 6 

3 

5 

3 5 

60 

1 

6 am 

Feb 7-Feb 27 

Mar 18 

8 

3 






Mar 22 

5 

2 

13 5 

260 

2 

6am 

April 27-May 17 

May 20 

7 

4 






May 20 

7 

3 






May 20 

4 

2 






May 22 

5 

7 






May 24 

6 

4 

29 20 

145 

1. 

8 am 

Feb 14-Mar 5 

Mar 23 

4 

4 






Mar 28 

5 

2 






Mar 28 

8 

2 

17 8 

215 

2 

8am 

April 6-Apnl 26 

April 28 

7 

3 






May 11 

6 

4 

13 7 

185 7 

3 

8am 

July 26-Aug IS 

Aug 19 

6 

4 






Aug 26 

6 

3 






Aug 30 

7 

4 






Sept 1 

4 

2 






Sept 4 

6 

3 

29 16 

181 2 

1 

9am 

April 13-May 3 

May 16 

5 

2 






May 16 

7 

3 






May 16 

8 

2 






May 20 

8 

3 

29 10 

290 

2 

9am 

July 26-Aug 15 

Aug 24 

5 

4 






Aug 26 

5 

4 






Aug 30 

5 

1 


191 




Aug 30 

6 

2 

21 11 

3 

9AM 

Aug 14-Sept. 3 

Sept 4 

2 

0 






Sept 8 

6 

3 






Sept 16 

7 

3 






Sept 16 

6 

2 


300 




Sept 21 

3 

0 

24 8 

1 

10 A M 

July 26-Aug IS 

Aug 25 

7 

3 

7 3 

233 3 

1 

Controls 

April 23-May 11 

May 16 

5 

7 




unlimited 


May 16 

7 

5 






May 20 

3 

7 






May 23 

4 

6 






May 24 

6 

5 






May 25 

6 

8 






May 26 

2 

5 






May 26 
May 26 

5 

4 

6 

8 

42 57 

73 7 

2 

Controls 

April 23-May 13 

May 18 

6 

5 




unlimited 


May 19 

4 

7 






May 20 

3 

6 






May 22 

5 

4 






May 22 

7 

3 






May 22 

6 

2 






May 24 
May 27 

3 

4 

4 

8 

03 

00 

03 

>0 

97 4 
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Table V — {Contmued) 


Mating 





Total No 

% Males 

Exp 

Permitted 

Dates Mating 

Day of 

No per Litter 

per Exp 

per 100 

No 

Beg'nnmg at 

Permitted 

Delivery 

M 

F 

M F 

Females 

3 

Controls 

Apnl 23-May 13 

May 16 

6 

7 




unlimited 


May 16 

8 

7 






May 16 

6 

S 






May 20 

8 

S 






May 20 

6 

5 






May 22 

5 

7 






May 22 

6 

4 






May 24 

2 

6 






May 27 

3 

7 






May 31 

4 

6 






Tune 1 

6 

5 

65 64 

101 6 

4 

Controls 

May 17-June 7 

June 8 

3 

3 




unlimited 


June 9 

4 

S 






June 9 

5 

4 






June 11 

3 

6 






June IS 

6 

4 






June 15 

3 

1 






June IS 

2 

S 






June 23 

4 

S 

30 33 

90 9 

5 

Controls 

May 24-3une 14 

June 15 

S 

4 




unlimited 


June 16 

4 

3 






June 16 

5 

3 






June 16 

3 

3 






June 19 

2 

4 






June 20 

5 

4 






June 20 

6 

S 






June 28 

3 

3 

31 29 

107 

6 

Controls 

June 7-June 27 

June 30 

2 

S 




unlimited 


July I 

4 

3 






July 3 

3 

3 






July 3 

6 

4 






July 7 

2 

4 






July 14 

4 

5 






July 19 

2 

9 

23 30 

76 7 


It IS also of interest to compare the sex ratio of mdnadual litters in these 
1948 late insemination experiments and in the controls (Fig 12). In the 
breeding-colony control group and in the controls in the experimental colony, 
from 40 to 60 per cent of the litters were approximately evenly divided, from 
20 to 30 per cent of the litters showed 60 per cent or more females and another 
20 to 30 per cent showed 60 per cent or more males In the late insemination 
expenments there was no litter with as many as 60 per cent females, only four 
litters were relatively equally divided, while the great preponderance of litters 
(27) showed from 60 to 100 per cent males (Fig 12) 

DISCUSSION 

These expenments as earned out were based on the knowledge that the 
great majority of rats go into heat within a period of a relatively few hours, and 
that for most rats ovulation follows within from 7 to 10 hours Although 
there is considerable variation in the onset of heat and the time of ovulation 
(Fig 13), these variables were not excluded under the conditions in which 
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these experiments had to be carried out, and therefore they are reflected in 
the results obtained Furthermore, although the time when the males and 
females weie put together was accurately controlled, the actual time of mating 
following this might have been variable However, by taking advantage of 
the times when the great majority of the lats went into heat and when they 
ovulated, statistically significant data have been obtained The fact that rats 
that went into heat and also ovulated at hours different from the majority were 
not eliminated makes the results more, rather than less, highly significant In 
order to demonstiate graphically these variations as to time of onset of heat 
and the subsequent time of ovulation, we have plotted the graph relating to the 
onset of heat and the time of ovulation from reports made by Blandau and his 
co-workers The graph giving the time of onset of heat shows that lo 
per cent of the rats had gone into heat by 5 p m and that another 18 per cent 
did not go into heat until after 10 pm, ivhile onljf an occasional animal went 
into heat at an}'- one hour from that time until the following noon (Figs 9 
and 13) The prepondeiance of ovulation (88 per cent) occurred uithin the 
period of from 7 to 10 hours after the onset of heat, leaving approximately 12 
per cent in which ovulation occurred later than 10 hours, but with ovulation in 
all complete at 13 hours (Fig 13) The results of our 1947 and 1948 experi- 
ments with late insemination are plotted on this same chart showing the pre- 
ponderance of males where mating was first permitted at 6, 8, 9 and 10 a m 
This shows the lelationship between the time of insemination m these experi- 
ments and the piobable time of onset of heat and subsequent ovulation The 
resultant deviation of the sex latio from the average, with the high percentage 
of males m practicall)’- all litters (Taljles IV, V and Fig 12) brought about by 
simply postponing mating from the presumed normal time until the times 
indicated in the experiments, is very obvious 

Because of the small size of the colony, the animals could not be sacrificed 
to determine the sex of all embryos Each litter was sexed as soon as feasible 
following birth, but at times there -was some delay, and certain fetuses bom 
dead may have been destroyed by the mother These conditions, however, pre- 
vailed in both the control and delayed-insemination groups 

In plotting the curv'e in Figure I to demonstrate this pattern of variation 
in the sex ratio, only the more accurately controlled 1948 experiments were 
used The total offspring m the 6 , 8, 9 and 10 a m experiments were used and 
the percentage of males and females for each hour determined From a base 
line of zero the percentages of males were charted below and the percentages 
of females above, as indicated by the solid lines 


In one of the 1947 expeiiinents the door separating the males from the females 
opened prematurely because of defective equipment and mating may have occurred earlier 
than planned This experiment ^^as eliminated This premature opening resulted from 
the jarring loose of the trap door bv the hyperactivity of the highly excited rats Suci 
may have happened in other experiments during this year, since the cages were not 
routinely inspected during the night and such an error mav have accounted for the o\\ 
ratio of males to females in some of the experiments Howe\er, such premature mating 
would not detract from, but would add to, the significance of the over-all data 0 tame 
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It IS our opinion that in most animals theie is a bioad band m the heat 
period during which tune mating most frequently occurs, with a resulting 
lelatively equal sex ratio As an evolutionary process, the maximal mating 
response would come to he m the pei lod resulting in the sex ratio optimum for 
the propagation of the species In the midportion of the giaph (Fig i) we 
have left such a theoretical area clear Since there is a preponderance of males 
in the later stages of the heat period, and since the control figures in our lat 
bleeding colony shows piactically an even distribution between males and 
females there must be some tune in the fertility peiiod when insemination 
lesults 111 a preponderance of females to counterbalance the preponderance of 
males resulting fiom inseminations occuirmg late in the heat penod We have 
assumed this to be in the earliest stages of the fertility period In ordei to 
plot a graph for this, giving a total sex ratio of approximately equal distribu- 
tion of sexes, ve have reversed the percentages of males and females for the 
6, 8, 9 and lo a m experiments and placed them m the earliest hours of the 
feitilit}’- period, as slioun by the dotted lines in Figure i Furtheiniore, 
although the female, as shown b}'' the copulatory response, may go into heat 
early in the evening, there may be a lag m the time of mating, as compared 
with the eailiest penod of fertility, due either to the time required for the 
female to reach her maximum receptivity or to the amount of stimulation 
requiied to build up the mating response m the male, or both Consequently, 
undei normal conditions, pi obably only a relatively small percentage of insem- 
inations occur during the earliest stages of the fertility period In the late 
stages of the fertility period, mating is also probably relatively infrequent, in 
part because of the declining receptivity of the female, and in pait because of 
the diminishing aggressiveness of the male The small number of pregnancies 
per unit of rats obtained in our late mating expenments may give some cor- 
roboration of this 

In order to see how the sex latios of an individual litter m a normal 
bleeding colony might fit in with such a concept, we have analyzed every litter 
in the breeding colony foi one year Theie were 12.135 offspring m 1,540 
litters, with the sexes equally divided (6,071 males to 6,064 females) The 
litters weie grouped according to the sex ratio, and the results in percentages 
of the whole were plotted on the lower part of Figure i, extending throughout 
the heat period It was found that the groups of litters containing from 75 to 
100 per cent males or females w^eie each 9 3 per cent of the total number, the 
groups of litters containing from 60 to 75 per cent of males or females weie 
hkewase almost identical in size, comprising 20 3 per cent and 20 per cent of 
the total, respectively The large midgroup of litters with the sexes approxi- 
mately equally divided (from 40 to 60 per cent ratio) formed 41 per cent of 
the total 

It IS interesting to speculate as to how such a curve of distribution of 
sexes, dependent on the time relationship of insemination to ovulation, might 
work tow^ard balancing the distiibution of offspring for the best propagation 
of the species Under conditions giving a preponderance of males m the species, 
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they would become more aggressive and mate earlier in the heat period, with 
a resultant increase m the female offspring On the other hand, with an 
increasing depletion of the male population, an increasing number of matings 
would piobably occur in the later stages of the heat period, with a resultant 
increase in the number of male offspring 

It IS interesting to speculate as to how the time of insemination in relation 
to ovulation could affect the sex of the offspring Theoretically, with the pass- 
age of time duiing the fertility period, there might be a change in 

1 The permeability of the ovum 

2 The viability and aggressiveness of the extrachromosome spermatozoa 

3 The motility of the exti achromosome or female producing spermatozoa 
as compared with the male producing spermatozoa 

4 Genital-tract conditions 

It IS entirely theoietical but to us it seems easiest to explain the effect of 
the time factor on the sex of the offspring on the basis of the relative differ- 
ences 111 motility, viability and aggressiveness of the two types of spermatozoa 

PROPOSED EXPERIMENTS 

Further experiments now contemplated will be directed toward the control 
of some of the variables accepted in these experiments, at the same time con- 
firming more accurately the results already obtained with larger series of 
offspring This will necessitate accuiate determination of the onset of heat 
in each female and an accurate record of the time of insemination, thereby 
giving us control of two of the most important three variables, leaving uncon- 
trolled the time of ovulation 

Simultaneously experiments are to be carried out to give inseminations at 
the earliest possible time in the fertility period to determine whether or not this 
will increase the percentage of females in the sex ratio In order to give the 
highest degree of accuracy, it is contemplated that the animals in all these 
experiments will be sacrificed just prior to the termination of pregnancy, and 
the sex of each fetus determined by miciodissection 

As soon as satisfactory facilities can be provided, we plan to undertake 
similar experiments in other laboratory animals, and particularly in cattle 

We also feel that the time has arrived to apply to humans, in selected cases, 
the information so far obtained Preparations for this are already under way 

We hope that eventually experiments can be carried out directed toward 
determining why this vaiiation in the sex ratio occurs 


SUMMARY 

1 In experimental breeding of rats we have increased the percentage of 
male offspring as compared with the female from a normal of loo i to per- 
centages vaiying from 149 to 255 This was accomplished by delaying insem- 
ination until varying hours after the expected time of ovulation , the greater 
the time interval after ovulation, the greater wms the percentage of males 

2 An anal} sis of more than 65,000 pairs of dizygotic twins reveals m each 
vear’s group approximate!}’- 27 per cent more like-sexed than unlike-sexe 
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pairs On the basis of our experimental studies, we feel that this constant 
surplus, inconsistent with chance alone, results from inseminations occurring 
both early and late in the fertility period 

CONCLUSIONS 

On the basis of our experimental studies and a statistical analysis of large 
numbers of human t\% ins, it is oui opinion that the time factor between insem- 
ination and ovulation directly influences the sex of the offspring 
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THE TREATMENT OF CONGENITAL ATRESIA OF THE 
ESOPHAGUS WITH TRACHEO-ESOPHAGEAL FISTULA* 

I A Bigger, M D 

MEDICAL COLLEGE OE VIRGINIA 

Richmond, Va 

Congenital airlsia of the esophagus with tracheo-esophageal fistula was 
well described by Thomas GibsoiP of London in 1703, yet in 1918, 215 3^ears 
later, Plass- was able to find only 136 completely verified cases recorded in 
the literature This suggests that the anomaly is an unusual one, but the nuiii- 
bei of cases observed during recent years proves this assumption to be incorrect 
Gray TiirneU stated that congenital atresia of the esophagus occurs once in 
approximately 2,500 births, or with about the same frequency as harelip and 
cleft palate Turner’s statement is supported by the fact that 89 such cases were 
admitted to the Boston Children’s Hospital in a seven-year period Congenital 
esophageal ati esia may occur either with or without a fistulous communication 
with the tiachea A fistula may connect the trachea with either the proximal 
or the distal esophageal segments, and laiely wnth both esophageal segments 
Vogt’s"* classification of the varieties of congenital atresia of the esophagus is 
the one most often used and is quite satisfactory He divided them into three 
mam types (Fig i ) 

I Agenesis of the esophagus 

II Atresia of the esophagus , no communication with the trachea 

III Atresia of the esophagus , fistulous communication with the trachea or 
(rarely) with one of the mam bronchi 

(a) Fistula between the proximal segment of the esophagus and the trachea 
Proximal end of the distal segment ends blindly at about the level of 
the bifurcation of the trachea 

(b) Proximal segment ends m blind pouch, distal segment communicates 
with the tiachea or larel}' with one of the mam bionchi (Fig 2 ) 

(c) Both proximal and distal esophageal segments communicate with the 
trachea 

Occasionally ti acheo-esophageal fistula occurs in the absence of esophageal 
ati esia 

The vaiiations of this anomaly are of more than academic interest to the 
surgeon, for the type of operation to be done, even the approach, depends upon 
the nature of the lesion An attempt should therefore he made to determine the 
exact anatomic lelationship bet^^een the esophageal segments and between 
each segment and the trachea 

The question of diagnosis will be considered only in so far as it affeds 
tieatment The diagnosis of congenital atresia of the esophagus may be ma e 

Read before the Southern Surgical Association, White Sulphur Springs, W ^ a > 
December 7, 1948 
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AC AC AC AC 



A - TRACHEA 

B- BIFURCATION OF TRACHEA 
C - UPPER SEGMENT OF ESOPHAGUS 
D - LOWER SEGMENT OF ESOPHAGUS 

Fig I — Congenital atresia of the esophagus Illus- 
trating the relationships which may exist between the 
esophageal segments and the trachea In addition, com- 
plete agenesis of the esophagus may occur and, rarelj, 
tracheo-esophageal fistula m the absence of esophageal 
atresia 



Fig 2 —Congenital atresia of the esophagus with fistula betw'een the distal segment of the 
esophagus and the trachea. Type 3b, the one most frequently encountered 



I A BIGGER Annals of Surgery 

May 1949 

With a considerable degree of certainty on the basis of the history of excessive 
drooling of saliva and the immediate regurgitation of everything given by 
mouth, with strangling In infants with esophageal atresia a soft-rubber cathe- 
ter passed into the esophagus will meet an obstruction from lo to 12 cm from 
the gum margin If along with such an obstruction there is evidence of gas 
m the stomach and intestines, there is almost certainly an associated tracheo- 
esophageal fistula However, a marked stenosis of the esophagus without 

fistula may give the same find- 
ings A definite diagnosis can be 
made by roentgenoscopic and 
roentgenographic examinations 
following the injection of iodized 
oil into the upper esophagus 
Barium should never be used for 
this purpose, for if it is regurgi- 
tated and aspirated into the 
tracheobronchial tree it produces 
obsti uction of many of the smaller 
bronchi and leads to serious res- 
piratory difficulties (Fig 3) If it 
IS shown that the upper esoph- 
ageal segment ends blindlj'^, air in 
the stomach and intestines can 
only mean there is a fistula be- 
tween tlie distal segment of the 
esophagus and the trachea or one 
of the main bronchi If the upper 
esophageal segment ends blindly 
and there is no air m the stomach 
and intestines, it is usually as- 
sumed that there is no fistulous 
communication between the 
esophagus and the trachea, but 
Haight’" has shown that this is an 
unjustifiable assumption since he 
has demonstrated small fistulas 
under such circumstances Atresia 
without fistula may mean there is 
agenesis of the distal esophagus, which, of course, eliminates the possibility of 
esophageal anastomosis When reconstruction of the esophagus is not possible, 
one should consider the advisability of doing a primary esophagogastrostomy, 
which can best be done through a left transpleural approach Direct anasto- 
mosis of the esophageal segments, on the other hand, is more easily and more 
safely accomplished through a right extrapleural approach 

Even when a fistula is known to be present, one cannot be certain whether 
or not a direct anastomosis is feasible without knowing the length of the 
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Fig 3 — Roentgenogram showing the wide 
distribution of barium in the bronchial tree as 
the result of use of this material to outline the 
upper esophageal segment 
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proximal segment and the level at which the distal segment joins the trachea 
If the proximal segment is short and the distal segment joins the trachea at or 
near the carma, it is unlikely that a satisfactory anastomosis will be possible 
(Fig 4 ) It IS therefore apparent that one should attempt to determine whether 
or not there is a fistula and the distance between the two segments when there 
IS a fistula Haight has stiessed the importance of roentgenoscopic examina- 
tion aftei the injection of iodized oil as a means of gaming a more accurate 
idea of the length of the pioximal segment, for its position vanes considerably 
with inspiration and expiration Ihe information obtained from roentgeno- 
grams may therefore be misleading 



Fig 4 — (A, Left) Upper blind esophageal pouch extends to the level of the fourth 
nb posteriorly Anastomosis is readily done (B, Right) Very short upper esophageal 
segment Direct anastomosis was not possible 


Byron® recommends tracheoscopy when there is doubt as to the presence 
of a fistula This may be the most accurate way of demonstrating a small 
fistula, but even the slight trauma incident to the passage of a iigid tube through 
the larynx may produce sufficient edema to necessitate tracheotomy It seems 
likely that a small fistula can be demonstrated more safely by roentgenograms 
made after iodized oil is injected into the trachea as well as into the esophagus 
The preliminary application of a small quantity of 2 per cent procaine to the 
tracheal mucosa will control the cough reflex sufficiently to permit slightly 
warm oil to be used satisfactorily The tracheal injection should be made while 
the infant is held in the dorsal recumbent position, with the upper part of the 
body slightly elevated By this means the level of the fistula may be accurately 
determined and the distance between the esophageal segments made known 
preoperatively 
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A roentgenogiam should be made of the chest and abdomen before any 
opaque mateiial is injected The type and extent of pulmonary involvement is 
thereby demonstrated The abdomen is included on the roentgenograms be- 
cause the amount and distribution of air m the stomach and intestines may be 
significant A laige amount of air m the stomach and little in the intestines 
would suggest pyloric stenosis and air in the stomach and no air distal to the 
stomach would point to duodenal atresia 

Fostei and Shaw' leported the postmortem findings m a child with 
esophageal atresia who died on the eighth day A typical hypertrophic pyloric 
stenosis was also discovered Caieful search should always be made for asso- 
ciated anomalies, foi they occur frequently In 94 infants wuth esophageal 
atresia, Plass found evidence of 59 associated anomalies , m 24 of these there 
w^as atresia of the anus 


TREATMENT 

The treatment of congenital atresia of the esophagus w'as altogether unsuc- 
cessful until within the last decade In fact, the condition appeared so hopeless 
that little thought seems to have been given to its treatment until the early part 
of this century The attitude of the surgical profession was w'ell stated in 1869 
by Mr T Holmes,® a London surgeon and the author of a treatise on pediatric 
surgery He said “The evidence, then, which w'e at present possess discour- 
ages the hope that this malformation is lemediable by operation, since in all the 
cases w'hich are on record, the obliteration has extended so far dowm that the 
low'er portion of the tube tould not have been reached by a surgical operation 
In cases where a tracheal fistula exists in connection with obliteration of the 
esophagus, it may he questioned w'hether life wmuld be permanently main- 
tained even if the passage of food could be restored , and in any such case the 
attempt ought not, I think, to be made But in cases where no such communi- 
cation can be made out, I cannot see any objection to the operation, if the 
parents wish it, after the almost inevitably fatal nature of the case has been 
explained to them The object wmuld be, to cut down upon the point of a 
catheter passed dowm the pharynx, and then to attempt to trace the obliterated 
esophagus down the fi ont of the spine, until its low'er dilated portion is found 
A gum-catheter would then be passed through an opening made in the upper 
portion, and so into the stomach through the low'er portion If the two portions 
are near enough to be connected by silver sutuies ovei the catheter, and if the 
latter can be retained until thej^ ha^m united, permanent success might possibly 
be obtained ” 

Mr Holmes’ attitude was understandably pessimistic, but he did suggest 
the possibility of end-to-end suture of the esophageal segments and w^as prob- 
ably the first surgeon to give serious consideration to that possibility The 
attitude expressed by Brennemann® of Chicago m 1918 w'as still far from opti 
mistic, even though some pi ogress had been made tow'ard the development 0 
a rational operative treatment of this anomaly, as his statement indicates 0 
said “The ultimate ideal of all surgical attempts wmuld be this union 0 tie 
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upper and lower portions of the esophagus It is of interest in this connection 
that these commonly meet at the same level Hoftman attempted this operation, 
appioaching it, however, by the impossible neck route He gave it up and did 
a simple gastrostomy with the inevitable result Whether this operation "will 
ever be possible the future advances of intiathoracic surgery must decide Even 
if possible. It V ould still seem probable that pediatric limitations will form an 
insurmountable bairier In these otherwise hopeless cases, however, one gives 
the suigeon a full lem with a clear conscience ” 

Up to that time gasti ostomy was the operation most fiequently done in 
connection with this anomaly but, as indicated by Brennemann, it was alto- 
gether futile In 1904 Villemm^" passed a gastrostomy tube through the pylorus 
and around into the first pait of the jejunum, in the hope that he might thus 
avoid the regurgitation of food and its aspiration through the fistula into the 
tracheobronchial tree, but the lesult was no bettei than with simple gasti ostomy 

Richter^^ of Chicago apparently was the fiist suigeon to appreciate the 
primary importance of closing the ti acheo-esophageal fistula and was also the 
first one who had the temerity to make a diiect transthoracic approach to the 
fistula He entered the mediastinum and closed the fistula in two infants , both 
died, but his repoit served to direct attention to closuie of the fistula as well as 
to the establishment of esophageal continuity, which he advocated but did not 
attempt 

Lanman^^ of Boston performed the first end-to-end suture of the esophageal 
segments in 1936 and in 1940 made an excellent report of the expeiience of the 
surgeons at the Boston Children’s Hospital, where 32 infants with congenital 
atresia of the esophagus had been observed Thirty of them had been operated 
upon , four had direct anastomosis of the esophageal segments All died, but m 
spite of the results Lanman insisted that end-to-end suture was the procedure 
of choice m suitable cases and predicted that success would soon be reported 
The following year Cameron HaighU^ of Ann Arbor performed a successful 
direct anastomosis which was reported m 1943 Previous to this (in 1939) 
Logan Leven^^ of St Paul and W E Ladd^® of Boston had each had patients 
survive multiple-stage procedures, closuie of the fistula, gastrostomy and 
cervical implantation of the proximal esophageal segment 

It was clear, however, that primary anastomosis of the esophageal segments 
was far preferable to any of the less direct, multiple-stage procedures and many 
surgeons felt that it should be used even if it resulted in a somewhat higher 
mortality There can be little doubt that the final result is far superior to that 
achieved by the use of anj'- other type of operation, and now that Haight, Swen- 
son^® and many others have shown that primary anastomosis can be done with 
a reasonably low mortality, there should be no question that it is the procedure 
to employ when it is feasible 

Singleton^'^ and Lyons^® have expressed a preference for the transpleural 
approach to the esophagus, but Haight and Swenson, and m fact a majority of 
surgeons working in this field, prefer the extrapleural approach when it 
appears that primary esophageal anastomosis will be possible We bel.eve that 
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the right postenor extrapleural approach is safer and better in those cases of 
congenital atresia of the esophagus with tiacheo-esophageal fistula m which the 
roentgenoscopic and roentgenographic findings indicate that a satisfactory 
approximation of the two esophageal segments may be obtained 

During the past year we have used the following plan of management and 
have so far been reasonably well satisfied with the majority of the measures 
we have employed However, some changes are indicated 

PREOPERATIVE MANAGEMENT 

Upon admission to the hospital the child is examined and an attempt is 
made to discover the type of anomaly present and whether or not there are 
associated anomalies, especially those which might complicate the immediate 
picture or those apt to be incompatible with life When an atresia with asso- 
ciated tracheal fistula is found, the child is placed in the prone position and the 
foot of the crib is elevated This position is maintained for a considerable part 
of the time, but we have followed Haight’s suggestion and have turned the 
child from the prone to the lateral positions at intervals, usually with the right 
side dependent Haight suggested this maneuvei with the idea that if atelectasis 
developed it would be likely to occur in the dependent lung, and atelectasis of 
the right lung would not prevent operation through that side We believe this 
should be modified to this extent If the findings indicate that a direct anasto- 
mosis will be feasible, the right side should be kept dependent a considerable 
portion of the time, but if it is apparent that a direct anastomosis cannot be 
done, the left side should be kept dependent since it is likely that a left trans- 
pleural approach will be used Mucus and excess saliva are removed at frequent 
intervals by gentle suction We have not employed continuous suction for 
this purpose 

Infants with this anomaly are usually greatly dehydrated, so fluid is admin- 
istered in relatively large amounts as equal parts of Hartman’s solution and 
5 per cent glucose in water, or as 3 per cent glucose in water It is important 
to avoid giving too large quantities of electrolytes because of the danger that 
they will be retained and will thereby lead to generalized edema We believe, 
however, that the very pronounced edema sometimes seen postoperatively is 
primarily due to increased pressure within the mediastinum, the result of leak- 
age and infection In one case in which there was unusually marked edema, 
large collections of air and purulent fluid were evacuated by opening the 
mediastinum This was followed by very rapid disappearance of the edema 
We have given blood freely and, although we have usually limited each 
transfusion to the traditional 10 cc pei pound, we have not hesitated to give a 
sufficient total amount to raise the hemoglobin to 20 Gm or even higher 
Penicillin is given m model ate dosage preoperatively and in large dosage post- 
opeiatively from 20 to 25 thousand units every three hours The preoperative 
penicillin is important as an aid in preventing pulmonary complications Strep- 
tomycin IS usually given for the first few days after operation to help com at 
infection by those organisms little affected by penicillin 
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OPERATIVE PROCEDURES 

In those patients with an associated fistula we have done a preliminary 
gastrostomy, usually within the fii St 24 hours after admission (Fig 5) We 
have done the gasti ostomy pieliminaiy to thoiacotomy primarily for the 
purpose of deflating the stomach and intestines, which in a large percentage 
of the cases are markedly distended Such distension makes the anesthetist’s 
problem much more difficult and thereby adds to the seriousness of the 
undei taking We have also noted an occurience which has been commented 
upon b)'' Richter, DanieP'’ and others , even if there is no pronounced preop- 
erative distention, it wall become marked if the anesthetic is administered under 



Fig 5 — Rapid deflation of stomach and intestines following gastrostomj' The fistula 

had not been closed 


positive pressure We believe our results have justified this change in the 
order of procedure, but we now realize that it is unwise to do a preliminary 
gastrostomy unless the findings indicate that a primary anastomosis is pos- 
sible In two instances we have done the preliminary gastrostomy, and have 
then made a right-sided extrapleuial approach only to find that the segments 
were so wudely separated it was not possible to approximate them 

In three cases we passed the gasti ostomy tube through the pylorus and 
around into the jejunum wuth the idea that this might help prevent regurgita- 
tion This maneuver had been used by Villemin and by Logan Levin, but we 
were unaware of this at the time w'e used it During manipulation of the tube 
through the pylorus, that structure was visualized and palpated and w^as 
normal in all three cases Interestingly enough, all three of the infants on 
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whom this procedure was tried were in the hospital at the same time, all were 
females and all developed hypertrophic pyloric stenosis We performed the 
Fredet-Rammstedt procedure on two of them and both made uneventful recov- 
eries One was about to be operated upon when she showed improvement and 
went on to recovery without the aid of surgery The clinical and roentgen 
findings leave little doubt that she too had hypertrophic pyloric stenosis 
We agree with Haight that geneial anesthesia is necessary to obtain the 
desired degree of relaxation foi the thoiacotomy, but we use local anesthesia 
for the gasti ostomy For the thoiacotomy we use ether and oxygen admin- 
istered thiough a small, snugly fitting mask We have hesitated to use an intra- 
tracheal tube because of the fear of its pioducing edema of the glottis, and we 



Fig 6 — Incision for right extrapleural exposure of the esophageal segments 
when direct anastomosis seems feasible 


have not felt that it offered sufficient advantage, when the extrapleural approach 
IS used, to justify that risk When the tianspleural route is used, an intra- 
tracheal tube offers far greatei advantages 

The infant is placed on the opeiating table in the prone position, but wnth 
the right side slightly elevated and rvith the right ai m carried \vell above the 
head (Fig 6 ) A slightly curved incision is made at the level of the fifth rib, 
starting about 2 cm to the light of the spine and extending ivell beyond the 
posterior axillary line The trapezius and rhomboid muscles are divided and a 
narrow segment of the dorsal bolder of the latissiinus dorsi muscle is usual y 
cut The scapula is retracted upwards with the attached muscles to expose t le 
fourth rib, which is resected subperiosteally from the spine to near 
axilla The head of the rib is disarticulated The internal periosteum o t e 
fourth rib is carefully incised but the incision is discontinued at least o $ cm 
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short of the lateral cut end of the nb This measure and disarticulation of the 
head of the iib are used to avoid laceration of the pleura on the cut ends of 
the rib Only one iib is resected and no others are divided because we have 
found that we can obtain altogethei adequate exposuie in this way Further- 
more, the mobilization of the chest wall resulting from resection of four or five 
nbs must cause some interference v ith respiration m the postoperative period, 
when respiratory difficulties are so apt to occur from other causes Also it 
seems likely that some degiee of peimanent deformity will result from the 
posterior division of so many ribs in such young individuals 

The parietal pleura is separated fiom the chest wall above and below the 
level of the fourth iib and from the mediastinal structures by caieful finger 



Fig 7 — Note the excellent exposure obtained by resecting only one nb (the fourth) 


dissection, pressure being directed against the chest wall or mediastinal struc- 
tures and not against the thin pleura (Fig 7 ) The azygos vein is divided 
between fine silk ligatures, and an attempt is then made to find the distal 
segment of the esophagus, for we believe the fistula should be closed before 
the proximal segment is investigated Finding the distal segment is usually 
not difficult, but may give some trouble if the esophagus joins the trachea at 
the carina The esophagus is ligated with fine silk as near as possible to the 
trachea, a mosquito clamp is applied about o 5 cm distal to the ligature and 
the esophagus is divided against the clamp by a sharp knife The cut ends are 
treated with phenol and alcohol and attention is then turned to the proximal 
segment 
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When the upper segment has been exposed, a traction suture is inserted 
in its distal portion and it is dissected free well up into the neck A traction 
suture IS then inserted into the distal segment and the clamp is removed The 
tip of the proximal segment may be either incised or excised If the segments 
are sufficiently long, we prefer using Haight’s method of telescoping the small 
distal segment into the upper segment (Fig 8 ) If there is any tension when 
we attempt to telescope the ends, we do a simple end-to-end suture with two 
rows of interrupted sutuies of fine silk (Fig 9 ) 

When the anastomosis has been completed, a small (10 or 12 French) 
catheter, with several openings neai the tip, is inserted thiough a puncture 
wound in an interspace well below the incision and is fixed near, but not in 



Fig 8 — Illustrating closure of the fistula and anastomosis 
by telescoping the smaller distal esophageal segment into the 
wider proximal segment (Haight) Note the vertical appli- 
cation of the sutures 

contact with, the anastomosis by a suture of 0000 plain datgut The catheter 
is connected for under-watei drainage Muscles and fascia are approximated 
with widely spaced, loosely tied, interrupted sutures and the skin is closed 
with interrupted sutures of 0000 plain catgut A gauze dressing is used for 24 
hours, then lemoved and the incision is covered with collodion 

The drainage tube is removed in seven or eight days if there is no leakage 
from the esophageal sutuie line If there is leakage, the tube is left in until the 
fistula heals 

In those cases of atresia with agenesis of the distal segment or those m 
which the two segments are too widely separated for primary anastomosis, one 
may make a left transpleural approach and do a primary esophagogastrostomy, 
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as has been done by Swenson, Lyons and Byion Swenson’s patient recovered , 
the otheis died, but death was due to causes other than the operation in both 
instances 

Singleton tried to hi mg Avidely separated esophageal segments together by 
incising the diaphragm at the hiatus and elevating the cardia but was unsuc- 
cessful He apparently did not divide the left gastric artery, and it would seem 
that this ould be necessary befoi e the cai dia could be elevated sufficiently to 
be of appieciable help Division of the left gastric arteiy should be near its 
oiigin fioni the celiac aitery and caie should be taken to avoid injuiy to the 
vasculai arches connecting it with the other gastiic aiteries, otherwuse the 



Fig 9 (Left) — Roentgenogram following the instillation of iodized oil into the 
esophagus two weeks after anastomosis b}' telescoping the distal segment into the proximal 
segment Note the very slight nan owing The small amount of oil m the bronchi is the 
result of regurgitation and aspiration and is not due to recurrent fistula The tube 
extends into the jejunum 

Fig 10 (Right) — Postoperative use of the gastrostomy tube, which is connected to 
the barrel of the asepto syringe , this is fastened well above the infant’s body level It is 
used for feeding and is left open between feedings to permit escape of gas, thereby 
diminishing the danger of regurgitation 


blood supply to the esophagus might be compromised Either of the pio- 
cedures described above is pieferable to any of the multiple-stage operations, 
but they are extensive, and if the infant’s general condition is not good, it may 
be wiser to adopt one of the stage procedures, such as closure of the fistula, 
gastrostomy, and cervical implantation of the upper segment Later the oper- 
ation used by Sw^eet-® oi that described by Remhoff^^ may be used to establish 
continuity of the alimentary tract The operation described by Remhoff is 
lemarkably safe but, of couise, is by no means ideal 
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SUMMARY OF OUR CASES 

From 1941 to 1948, we had operated upon ii infants with congenital atresia 
of the esophagus with tracheo-esophageal fistula In four of them, the fistula 
was closed and the esophageal segments were anastomosed A gastrostomy 
was done for temporary feeding Two recovered from the operation, but in 
both cases there was severe infection and leakage from the suture line One 
infant recovered and is developing satisfactorily, but has an esophageal stric- 
ture which requires occasional dilatation The other child developed a tight 
stricture and a recurrent fistula between the trachea and esophagus A sec- 
ondary operation was performed when the child was about seven months of age 
All of the mediastinal structures were encased in dense scar, but the fistula was 
closed and the esophagus sutured The child’s condition was satisfactory for 
the first two days, but leakage then occurred at the suture line, the drainage 
tube became obstructed and the child died from a tension pneumothorax 

One child developed very marked edema of the entire bod)q including the 
larynx An emergenc}’’ tracheotomy was done, and following this there was 
progressive impiovement for several weeks At the end of six weeks the child 
seemed ready to leave the hospital and the parents were so notified That night 
she was found dead in her crib Autopsy was not permitted 

The fourth child died on the fourth postoperative day from a severe infec- 
tion m the mediastinum 

In three cases the fistula was closed and end-to-end suture done A tube 
was passed through the anastomosis into the stomach and left in place for 
temporaiT' feeding Gasti ostomy was not done One of these infants died 
shoitly after being returned to the ivard, apparently from shock Both of the 
others developed severe infection in the mediastinum, leakage at the suture line 
and recurrent fistulas, one died on the fifth day and the other on the eighth 
postoperative day 

In three other children, the fistula was closed, but they were in such poor 
general condition, anastomosis was not attempted The segments were tacked 
together in the hope that anastomosis would be possible at a later date Both 
had gastrostomy for tempoiai'y feeding All died within a few days Two 
had widespread bronchopneumonia, one of these also had infection in the 
mediastinum The third had a perforation of the distal esophageal segment, 
probably due to some injury at the time of operation 

The eleventh case showed only a small amount of air in the stomach and 
intestines, and at operation the lumen of the distal segment was so small it 
could not be used for anastomosis so the fistula Yas closed, and cervical 
esophagostomy and gastrostoni)'' were done The child died the following day, 
and autopsy was not permitted 

Of the II patients in this group, 8 died during the early postoperative 
period, I from shock, 2 from pneumonia and 4 from mediastinal infection One 
child died 24 hours after operation, with cause of death undetermined One 
infant died several weeks after operation at a time when it appeared to be 
making altogether satisfactor)^ progress, with cause of death undetermme 
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T\\o survived the primary operation, but one of these died following closure 
of a recurrent fistula Only one of the eleven is now alive and well 

During the past year we have operated upon seven infants with congenital 
atresia of the esophagus and with tracheo-esophageal fistula In all seven, gas- 
trostomy was done one or two days preliminary to thoracotomy, and the 
gastrostomy tube was used to deflate the stomach and intestines Because of 
this there was decided impi ovement in the ease of administration of the anes- 
thetic, and in every instance the infant left the operating room in good condi- 
tion In five of them the esophageal segments were of sufficient length to permit 
satisfactory anastomosis In foui the distal segment was telescoped into the 
proximal segment and fixed with two rows of fine silk sutures In one of them 
there was very slight leakage from the sutui e line for a few days The leakage 
apparently developed about one week after operation and there w as no evidence 
of infection 

In the other case a simple end-to-end suture was done, because the seg- 
ments fiid not appear to be long enough to permit invagination or telescoping 
of the ends 

The only complications of importance occurred in three infants in whom 
the gastrostomy tube was passed through the pylorus and around into the 
jejunum (Fig lo ) 


COMMENT 

In each instance the pyloius was normal at the time the gastrostomy tube 
was inserted Leveir- has had tuo instances of hypertrophic pyloric stenosis 
m male infants operated upon for esophageal atresia and Swenson has had one 
such case Foster and Shaw found hypertrophic pyloiic stenosis at postmortem 
examination on an eight-daj -old male infant, which died from an untreated 
atresia of the esophagus with tracheal fistula However, there is no evidence 
to suggest that the two lesions aie often associated 

Two of the infants opeiated upon during 1948 had short proximal 
esophageal segments and in both of them the distal segment joined the trachea 
at the canna It was therefore not possible to anastomose the esophagus in 
either case The fistula was closed and a cenucal esophagostomy was done Both 
made uneventful recoveries Nine months later a modified Remhoff operation 
was done in one of them The old gastrostomy incision was excised and the 
gasfrostomy was closed The incision was extended upwards in the midline 
to the lower anterior chest wall The xiphoid process was excised and the 
diaphragm split back for about 3 cm The gastrohepatic and gasti ocolic omenta 
were divided at a sufficient distance from the stomach to avoid injury to the 
collateral vascular loops, and the mam stem of the left gastric artery was divided 
between silk ligatures The esophageal hiatus was then enlarged, the esophagus 
liberated above the cardia, doubly ligated and divided, and the distal stump 
inverted into the stomach with mattress sutures of silk A subcutaneous tunnel 
was established from the upper end of the abdominal incision to the level of the 
cervical esophageal stoma, where an end-to-side anastomosis was made between 
the cervical esophagus and the fundus of the stomach The child made an excel- 
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lent recovery, except for the development of a fistula at the site of anastomosis, 
which has not yet closed 

The second child was operated upon only three weeks ago and will not 
have the esophagogastrostomy done for seveial months 

COMMENT 

Had the low junction between the distal esophagus and the trachea been 
demonsti ated preoperatively in these two cases, we probably would have made 
a left transpleural approach With such an approach the stomach could have 
been transplanted into the thorax for primary anastomosis with the proximal 
segment of the esophagus, or the esophageal hiatus could have been enlarged, 
the left gastric artery divided and an attempt made to elevate the cardia suffi- 
ciently to permit primarj^ esophageal anastomosis 

Of the seven infants with congenital atresia of the esophagus and tracheo- 
esophageal fistula operated upon during 1948, five had direct esophageal 
anastomoses Four healed without incident, one developed a transient fistula 
The other two infants showed such wide sepai ation of the esophageal segments 
that direct anastomosis was not possible and since the right extrapleural 
approach had been made, multiple-stage procedures were resorted to 

SUMRLARY 

Complete anatomic diagnosis is necessary in infants with congenital atresia 
of the esophagus, otherwise the treatment cannot be intelligently planned and 
executed 

Methods are discussed by which complete diagnosis may be made 

A plan of management is outlined, including certain details of operative 
technic, under which satisfactory results have been obtained in a small group 
of infants with congenital atresia of the esophagus and tracheo-esophageal 
fistula Ceitain changes are suggested 

Eleven infants w^ere operated upon prior to the adoption of our present 
plan of management Only two of the 1 1 survived and one of these tw’^o died at 
seven months of age following an operation for the repair of a lecurrent 
tracheo-esophageal fistula 

Seven infants operated upon during 1948 have all recoveied There are 
no doubt a number of factors responsible for the decided improvement in the 
results obtained in this latter group The use of both penicillin and strepto- 
mycin for the prevention and control of infection has unquestionably been of 
primary importance 

It is believed, however, that certain other measures, especially the use of 
gastrostomy as a means of deflating the stomach and intestines before and 
during the mtrathoracic operation, have been of some importance 
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ESOPHAGEAL RESECTION WITH END-TO-END ANASTOMOSIS 
EXPERIMENTAL AND CLINICAL OESERVATIONS*t 

Edward F Parker, M D , 

AND 

William S Brockington, M D 

ClIARIJISTOK, S C 

The purpose or this paper is to present our experimental observations 
on partial resection of the thoracic esophagus with restoration of continuity by 
end-to-end anastomosis and to describe its application in two cases of inop- 
erable carcinoma of the esophagus in an attempt to restore the ability 
to swallow 

Because of the magnitude of esophagogastric anastomosis with transposi- 
tion of the stomach into the thorax or neck, it occurred to us that restoration 
of tlie act of swallowing might be accomplished by such a lesser operation in 
those cases of carcinoma of the esophagus in which the primary tumor is 
resectable but in which it is impossible to eradicate all the carcinoma because 
of adjacent or distant spread If the ability to swallow could be restored b)'" 
such an operation, the superiority of this technic over roentgenotherapy or 
dilatations of the esophagus or gastrostomy, as other methods of palliation, 
would be readily apparent 

A conversation with Swenson about lo montlis ago encouraged us in our 
efforts in this direction, for he stated that he thought the prevalent ideas 
regal ding the vulnerability of the esophagus were not true and added that he 
had been able to perform m experimental animals resections of large portions of 
the thoracic esophagus with end-to-end anastomosis followed by recovery 

Swenson and Clatworthy^ performed in 1947 experiments similar to those 
we V ere attempting and had also treated successfully a case of benign stncture 
of the esophagus bj'’ resection of the stricture with end-to-end anastomosis 
And since then, another case of successful resection of an esophageal stricture 
with end-to-end anastomosis has been reported by Gross ^ An account of our 
own experimental work follows 

EXPERIMENTAL OBSERVATIONS 

Partial resection of the lowei half of the thoracic esophagus with restoration 
of continuity by end-to-end anastomosis i\as performed on 21 dogs The length , 
of the esophagus resected varied from 4 cm to 7 cm The average length 
resected was 5 cm Since the average length of the thoracic esophagus of the 
dogs used in this series was 15 cm , this represented a resection of approxi- 
mately 33 per cent 

* From the Department of Surgery of the Medical College of the State of South 
Carolina 

t Read before the Southern Surgical Association, White Sulphur Springs, 

December 7, 1948 
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The operations were done under intravenous Nembutal anesthesia, and 
atmospheric air under positive pressure was delivered in an intermittent flow 
through an endotracheal tube vhile the pleural cavity was open They were 
perforaied through a left thoiacotomy incision in ii animals and through a 
right thoracotomy incision m lo animals The approach was posterolateral, 
entering the pleural cavity thiough the fifth or sixth interspace without nb 
section or resection The ribs were spread slowly and widely The lung was 
allowed to collapse On exposure of the lateral surface of the esophagus, two 
silk sutures were placed a known distance apart, varying from 4 cm to 7 cm , 
to indicate the exact length of die segment to be resected (Fig i) 

In 12 of the 21 animals, the entire thoracic esophagus was then dissected 
completely from its mediastinal bed from the level of the diaphragm to the 



Fig I Fig 2 Fig 3 

Fig I — The lateral surface of the esophagus is exposed in the depth of the wound, 
after retraction of the right lung anteriorly The upper silk suture has been placed 
One of the \agus nerves is coursing downward from left to right 

Fig 2 — ^After freeing the thoracic esop?iagus from the diaphragm to the clavicles, its 
lower half can be delivered easily up to the level of the nb cage The length of the 
segment between the upper and the lower spaced sutures is explained by the great elas- 
ticity of the esophagus 

Fig 3 — The proximal and distal ends of the esophagus, at the left and right respec- 
tively, have retracted and are held m the tape ligatures The excised segment, showing 
the spaced sutures, has shrunk slightly 


level of the clavicles (Fig 2) The marked segment of the esophagus was 
then resected after the application of heavy tape ligatures proximally and 
distally to prevent the escape of any esophageal contents into the mediastinum 
3) After resection of the segment, traction was applied to the tapes to 
approximate the proximal and distal ends of the esophagus and the ends of 
the tapes were grasped in forceps to maintain the approximation The ends of 
the esophagus were then anastomosed with a double layer of interrupted 
cotton sutures Approximately 18 sutures were placed in each hemicircum- 
ference of the mucosa (Fig 4) In general, the knots were tied on the outside 
No attempt was made to invert or evert tlie edges of the mucosa They were 
merely approximated Following suture of the mucosa, the edges of the mus- 
culans were approximated Approximately half as many sutures were used 
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in this layer No attempt was made to suture the musculans layer leak- 
proof (Fig 5) 

Following the anastomosis, the tape ligatures were removed During the 
procedure, injury to the vagus nerves was avoided as much as possible No 
attempt was made to close the mediastinum The pleural cavity was not 
drained The lung was expanded The thoracotomy w'ound was closed m 
layers wnth interrupted cotton sutures Following operation, thoracentesis 
was performed on tlie operative side to remove any residual trapped air 

In nine of the 21 animals, the technic wns the same except that the 
esophagus wns not freed from the surrounding tissues beyond that portion 
w'hich was to be resected 

In only tw'o of the 21 animals w’as there considered to be a significant 
degree of tension on the sutures after anastomosis In 17 of the 21, the dia- 



Fig 4 Fig 5 

Fig 4 — The ends of the esophagus are shown approximated by traction on and 
fixation of the tape ligatures The posterior lajcr of mucosal sutures has been placM 
The posterior layer of sutures in tlie muscular lajer are placed after rotation of the 
esophagus 

Fig 5 — The completed anastomosis After remo\ al of the tape ligatures, the esoph- 
agus still has great mobility and is not stretched taut 

phragm was not paralyzed In the tw^o cases mentioned above, and in tw^o 
others, all four in the gi oup m wdiich only the segment of the esophagus to be 
resected w^as freed, the phrenic nen'e was crushed on the side of the operation 
(three left and one right) 

In the group of nine animals in wdiich only the segment of esophagus to be 
resected was completely isolated, it w^as necessary to sacrifice two or three 
recognizable arteries In the other group of 12 animals in which the entire 
thoracic esophagus was freed from its bed, as many as seven arteries ivere 
sacrificed Even in this latter group, it is noteworthy that bleeding occurre 
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frequently from tlie suture line after completion of the anastomosis and 
leinoval of the tape hgatuies 

The results of the opeiations aie classified in two ways and aie as follows 

Among II dogs in which the resection was done through the left side, 
seven survived and four died 

In 10 dogs 111 which the lesection was carried out on the right side, seven 
sunuved and three died 

Of 12 dogs in which the esophagus was completely freed from its bed in 
the mediastinum, eight suivived and four died 
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Fig 6 — The wide epitheliahzed scar and the serrations of the edges of the proximal and 
distal normal mucosae are shown There is a rim of gastric mucosa at the left 


In nine dogs m which only the segment to be resected was freed from its 
bed in the mediastinum, six survived and three died 

Thus, the average mortality rate for both the side of operation and the 
techmc of operation was approximately 33 per cent 

In view of the high mortality, it must be noted that no therapy of any kind 
was given preoperatively or postoperatively, except that food and water were 
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Withheld for seven hours before opeiation In particular, no attempt was made 
to cany out replacement of any fluid or blood loss and no chemotherapy or 
antibiotic therapy was given at any time Following operation, the animals 
were given access to water through the third postoperative day Beginning on 
the fourth postoperative day, they weie given the regular kennel rations 
In SIX of the seven animals that died following the operation, death occurred 
between the second and the tenth postoperative day The average duration of 
life was four days The cause of death in the six ammals was bilateral 
empyema due to esophagopleural fistula resulting from failure to heal, the 
cause of this failuie could not be ascertained Certainly in some, tension on the S 
suture line may have been a factor In tw o of tlie six, there were one or more 
leaks through the sutnre line In the other four, there was complete disruption 
of the sutuie line, wnth separation of the proximal and distal ends of the 
esophagus foi distances varying from i to 3 cm In five of the six animals, 
the blood supply m both ends of the esophagus appeared to be intact In the 
other one, the distal end of the esophagus Avas wable, but the proximal end 
showmd necrosis for the tci minal i 5 cm Tlie seventh dog that died following 
the opeiation died on the 30th postoperative day At autopsy, except for 
extreme malnutrition, there was no apparent cause of death The suture line 
was intact and there was no stiicture It is significant that m onl}’^ one of the 
seven animals to die, and of the entire series of 21, w'as there any evidence of 
interference wnth the blood supply to the ends of the esophagus 

The surviving 14 animals were sacrificed at intervals of from two w'eeks 
to eight months following opeiation All but one were m a good to excellent 
state of nutrition Both pleuial cavities w^ere entirely nonual except that, m 
about half the -animals the lung w'as adherent to the thoracotomy scar, and m a 
few’’, it W’as also adheient to the legion of the anastomosis There w’as moderate 
fibrosis in the mediastinum in oul}’’ four of the animals The esophagus, on 
gross examination, was essentially normal externally in all except four animals, 
in w’hich there w as slight dilatation above the level of the anastomosis In the 
others, the site of scar was difficult to recognize The vagus nen’es W’ere 
scarred and w’eie adherent to the region of the anastomosis in all specimens 
There w’as no instance of gastric dilatation On opening the esophagus, we 
found that the level of the anastomotic scar above the caidia varied from 
2 to 6 cm , the average being 3 cm In four of the specimens, the scar w’as 
about 1 cm in width In these four, serrations could be seen in the edges of 
the normal mucosa wdieie the sutures had cut through the mucosa, apparently 
as a result of tension on the suture line with stretching of the scar (Fig 6) 
Except foi the scar, the mucosal surfaces appealed normal (Fig 7 ) 
except one specimen In only one of the 14 specimens w’as there a slight stric 
ture at the site of the scar (Fig 8) This occurred in one of the four specimens 
showing proximal dilatation The specimen of the one animal in a very poor 
nutritional state show’ed a total esophagitis wnth several small ulcerations 
The length of the segment of the esophagus resected did not appear to ear 
any relation to recovery’ or death There appeared to be no relationship betwee 
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the length of the resected segment and the width of the anastomotic scar Also, 
there appealed to be no relationship between the width of the anastomotic 
scar and the extent of the dissection of the esophagus prior to resection and 
anastomosis 
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Fig 7 — Photograph of a fresh specimen showing the typical appearance of the 
esophagus in the sacrificed animals While more apparent in the gross, the anastomotic 
scar barely shows Gastric mucosa is on the left 
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Fig 8 — ^The photograph of the specimen presenting a slight stricture due to the anasto- 
motic scar The gastric mucosa is on the left 

Therefore, it may be said that in the dog, resection of from 30 to 35 per cent 
of the total length of the thoracic esophagus can be accomplished successfully 
m a high percentage of cases without any adjunctive therapy whatsoever Since 
our experiments were done wholly on the lower half, further investigation 
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would be needed to detennine the applicability of our findings to the upper 
thoracic esophagus and to the cervical esophagus 

CLINICAL OBSERVATIONS 

Case Report (Roper Hospital No 65241) ~L G W , a Negro rttale, age 45 years, 
was admitted on February 16, 1948 The history was given by his wife Nine years before 
his admission, he had noticed a sensation of a "lump in his chest” substemally This 
persisted without change for the next eight years One year prior to admission he began 
to have progressively increasing dysphagia due to a sense of obstruction Two months 



Fig 9 (Case i) Photograph of the pa- 
tient supported by an attendant, on the daj 
following admission 


Fig 10 (Case i) Photograph of 
1 initial esophagogram, demonstrat- 
r the filling defect in the loner third 
X .1 ludfnc Viernia 


before admission he started regurgitating his food Three weeks before admission e 
became bedridden and unable to swallow even water During the three wee s e ore 
admission, he had had no foim of nourishment and no bowel movement 
The past history was noncontnbutory ^ 

On physical examination the patient’s temperature was 97 4° F > P“ ^ 
respiration 24 The blood pressure was 40/0 He was moribund and extreme ^ 

(Fig 9) There was no cervical lymphadenopathy The trachea was in the mi 
heart and lungs were normal The liver was not palpable The remain er o 

ination was noncontnbutory . to enn Differ- 

Red blood count 7,030,000 Hemoglobin 18 Gm White blood coun Serum 

ential normal Urinalysis normal Total serum proteins 901 Gm per c 
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albumin 6 07 Gm per cent Serum globulin 2 94 Gm pei cent Blood Wassermann and 
Kline negative 

Roentgenograms of the chest were normal Roentgen examination of the esophagus, 
using barium, showed a constriction in the lowei thoracic portion (Fig 10) There was 
moderate dilatation of the esophagus proximally Most of the barium was regurgitated 
but a small amount entered the stomach, during the examination of which a small 
esophageal hiatus hernia was found 

Upon admission, the patient was started on intravenous fluid, electrolyte, ammo 
acid, vitamin, and whole-blood therapy His condition improved slowly so that by the 
sixth day after admission he had become normally alert and the blood pressure had risen 
slowly to 110/78 

On February 23, 1948, a jejunostoiny was performed undei local anesthesia At 
operation, there was no evidence of intra-abdominal metastasis Feedings by jejunostomy 
were begun the day atter operation, at which time intravenous therapy was discontinued 
Improvement in the state of his nutrition followed and he began to have normal bowel 
movements His weight was 109 pounds, which represented a gam over the weight on 
admission ‘ 

On March 2, 1948, esophagoscopy was performed under sodium-pentothal anesthesia 
An obstructing, granular lesion was found 36 cm beyond the alveolar margin A biopsy 
showed epidermoid carcinoma (grade I — Broders), and confirmed the clinical diagnosis 
His general appearance and strength continued to impiove until March 8, 1948, 
although on this date his W'Cight was only 100 pounds 

Opciafion On March 9, 1948, under nitrous-oxide induction and endotracheal ether 
anesthesia supplemented w'lth curare, a left posterolateral thoracotomy was performed and 
the pleural cavity w^as entered in the «eventh interspace without rib section or resection 
The ribs were spread slowly and wndely The pleurae w'ere normal and the lung was 
allowed to collapse Excessive turbid brown fluid in the pleural cavity was aspirated 
The inferior pulmonary ligament w^as markedly indurated but grossly it did not contain 
tumor The low'er esophagus was exposed About 10 cm above the diaphragm a tumor 
mass was found in the esophagus There was apparent invasion by the tumor of the 
pericardium anteriorly, of the pleura and lung to the right, and of the adventitia of the 
aorta to the left The tumor involved a segment of the esophagus 6 cm in length The 
segment of the esophagus containing the tumor and the adjacent adventitia of the aorta 
W'ere dissected free from all surrounding tissues, leaving residual carcinoma m the 
pericardium and in the right pleura and lung 

In view of the fact that a curative resection could not be performed, it was decided 
to resect the segment of esophagus containing the tumor and to do an end-to-end anasto- 
mosis Accordingly, the entire esophagus was dissected free, from the diaphragm well 
up into the neck An incidental esophageal hiatus hernia was found, through which the 
stomach projected for a distance of about 4 cm above the diaphragm The 6-cm segment 
of esophagus w'as resected Anastomosis was effected without undue tension the 
surgeon using separate layers of interrupted silk sutures in the mucosa and in the muscu- 
laris The muscularis of the proximal end was badly torn in the dissection of the esoph- 
agus and its suture w'as tedious 

Upon completion of the anastomosis, a band of tissue at the esophageal hiatus extend- 
ing from the diaphragm to the stomach w'as divided, allowing the stomach to herniate 
into the chest for an additional i cm The left phrenic nerve was crushed at its reflection 
from the pericardium onto the diaphragm Several small mediastinal lymph nodes were 
removed for examination A transnasal Levine tube was passed down the esophagus 
into the stomach An internal intercostal nerve injection using a i per cent Novocame 
solution was made in the second through the tenth nerves Catheters were brought out 
of the pleural cavity in the second interspace anteriorly and in the eighth interspace 
in the posterior axillary line for postoperative closed drainage of the pleural cavity 
One hundred cc of saline containing 100,000 units of penicillin were instilled into the 
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pleural cavity The left lung was re-expanded The wound was closed in layers without 
drainage with interrupted silk sutures throughout 

Bronchoscopy was performed following the operation to empty the tracheal- 
bronchial tree of any discharge Transfusions totaling 1,500 cc of blood were given 
during the operation The opeiating tunc was approximately four hours The patient’s 
condition was satisfactory throughout 

Pathologic examination of the segment of esophagus excised (Fig n) showed 
epidermoid carcinoma (grade II— Broders) with lymphatic invasion and extensive 
penetration of the muscular layer The mediastinal lymph nodes were normal 

Postopciativc CoiDsc The patient’s recov- 
ery was unecentful Immediately following op- 
eration both intercostal catheters weie allowed 
to dram under water The temperature rose to 
a peak of 100 4° F on the first day following 
the operation It returned to normal on the 
third postoperative day and reniaiiied so through- 
out the rest of the patient’s hospital stay The 
anterior and posterior intercostal catheters were 
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Fig 1 1 (Case i) Photograph of the ulcer- 
ated mucosal surface of the excised segment of 
esophagus The rims of normal mucosa (at top 
and bottom) above and below the tumor aie not 
wide Also shown is one of the mediastinal 
lymph nodes 


Fig 12 (Case i) Esophagogram 
in June, 1948, shortly after the return 
of dysphagia, showing a filling defect 
below the level of the arrow, due to 
recurrence of tumor 


removed on the second and fifth postoperative days respectively There was moderate 
sanguineous discharge from both catheters The thoracotomy wound healed per pnmam 
The transnasal Levine tube was removed on the third postoperative day, the stomach av 
ing been kept empty by suction through the tube until this time Also on the third pos op 
erative day, intravenous therapy was discontinued and jej unostomy feedings were resume 
On the fifth postoperative day, the patient became ambulatory and remained 
Penicillin therapy, begun 24 hours prior to operation, was discontinued on the eig t 
erative day For the first five postoperative days the patient was given injections o 
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units, and from the fifth through the eighth days, 50,000 units, each injection intramuscu- 
larly at three-hour inten'als Roentgenograms of the chest on the tenth postoperative day 
were normal 

On the fourth postoperative day the patient was allowed to have water by mouth and 
his swallowing was normal Later it was learned that he had been eating without 
difficulty roasted peanuts brought to him by his wife since the day following operation 
After taking \vater by mouth without difficultj’-, his diet was increased gradually The 
jejunostomy feedings were continued tliroughout the postoperative period, but on dis- 
charge he was able to eat a soft diet and ground meat without any difficulty He was 
discharged from the hospital on the 13th postoperative day He refused to have roentgen 
examination of the esophagus prior to his discharge 

On April 13, 194S, his general appearance was excellent His weight was 127 
pounds He ate slowly, but he could eat meat, nee, and peanuts m particular, and any- 
thing else desired He had discontinued the use of the jejunostomy the week before 
and the wound was healed He had not returned to work but planned to do so soon 
A barium swallow showed no delay m the passage of barium into the stomach However, 
there was again a filling defect of the esophagus m its lower third 

He was readmitted to the hospital for study on June 29, 1948 In the previous week 
or two he had begun to have some dysphagia The physical examination was not remark- 
able His weight was 124 pounds The routine blood studies and urinalysis were normal 
Roentgenograms of the chest were normal Esophagoscopy was performed under pento- 
thal anesthesia At the 36-cnT level, approximately at the site of anastomosis, the 
esophagus was narrowed by ulceration The scope could not be passed through the area 
of narrowing A biopsy was taken and showed epidermoid carcinoma of the esophagus 
This proved that there was a local recurrence of the tumor Also, esophagograms using 
iodized oil as the contrast medium were made These showed an area of marked irreg- 
ularity and constriction in the lower thoracic portion (Fig 12) 

Thereafter, the patient had progressively increasing dysphagia and loss in weight 
and strength He was admitted to the hospital for terminal care for a few days before his 
death on November 24, 194S Autopsy confirmed again the diagnosis of carcinoma of 
the esophagus 

Case Report (Roper Hospital No 65065) R L C , a white female, age 46 years, 
was admitted on March ii, 1948 Progressively increasing dysphagia began in September, 
1947 By Christmas, 1947, she was at times unable to swallow even liquids and regurgi- 
tation was frequent She lost 44 pounds m weight Since June, 1947, she had also a 
frequent, dry cough and some change in her voice She had no pain at any time 

In 1940 she had a radical mastectomy on the left side for carcinoma of the breast 
without axillary or other known metastasis Otherwise her past history was noncon- 
tributory 

On physical examination she did not appear sick There was evidence of weight loss 
The voice was hoarse There was a large scar in the left pectoral and axillary regions 
There was no evidence of local recurrence of the tumor of the breast In direct laryngo- 
scopic examination revealed a paralysis of the right vocal cord Otherwise the physical 
examination was essentially normal 

The routine blood and urine studies and the serum protein determinations were normal 
Roentgenograms of the chest showed an increase in the pulmonary markings in the 
bases (Fig 13) Roentgen examination of the esophagus with barium indicated marked 
obstruction in the upper portion of the thoracic esophagus (Fig 14) 

On esophagoscopy under local anesthesia, there was a marked stricture of the 
esophagus 23 cm beyond the alveolar margin, without apparent alteration of the mucosa 
A biopsy showed normal mucosa 

The initial diagnosis was primary carcinoma of the esophagus, or secondary carci- 
noma of the esophagus metastatic from the breast Exploratory thoracotomy was advised 
and preoperative therapy begun 
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Operation On March 22, 1948, under endotracheal ether anesthesia, a right postero- 
lateral thoracotomy was performed through the fifth interspace without rib section or 
resection The ribs were spread The entire superior mediastinum was exposed by 
extrapleural dissection In doing so, a small hole was torn in the parietal pleura and 
pneumothorax ensued There was an apparent tumor mass m the esophagus just beneath 
and above the azygos vein The tumor invaded the posterior wall of the vein The 
segment of the esophagus containing the tumor was about 3 cm long After division of 
the azygos vein and its tributaries between ligatures, the tumor was partly exposed The 
tumor apparently iinadcd also the posterior wall of the trachea After tedious dissection, 
It \vas entirely freed from the surrounding tissues The entire posterior mediastinum 
was thickened, suggestive of tumor or fibrosis The right subclawan artery seemed to 
be surrounded by tumor as it emerged from about tlie trachea A biopsy was shared from 
the posterior wall of the trachea just above the carma without opening its lumen A 
frozen section of this showed carcinoma 



Fig 13 Fig 14 

Fig 13 (Case 2) Roentgenogram of chest on patient’s admission to the hospital, showing 
the abnormality in the base of the right lung 
Fig 14 (Case 2) The initial esophagogram, showing a filling defect opposite the arrow 


In view of the fact that the biopsy of the trachea showed tumor and that gross ) 
there appeared to be certain tumor in the remainder of the mediastinum whic cou 
not be eradicated, it was decided to perform a resection of tlie esophagus containing e 
tumor and to restore the continuity by end-to-end anastomosis Accordingly, ^ ^ ^ 
esophagus was then freed by finger dissection from the diaphragm well up into e 
A section of the esophagus about 4 cm m length containing the tumor \vas ^'"^ise 
was then noted that in the mucosa of the proximal esophagus there ivere tiTO no u es 
biopsy of one of these was obtained and showed no carcinoma End-to-en 
between the ends of the esophagus was performed with an inner layer o 
sutures in the mucosa and an outer layer in the musculans The rig t lap ra 
paralyzed inadvertently by injury to the phrenic nerve A dram was p ace m 
pleural space and brought out through a stab wmund below the interrupted 

The right lung was re-expanded The wound was closed m layers 
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Silk sutures Bronchoscopy was performed following operation to empty the tracheal- 
bronchial tree of any discharge The trachea was normal Blood transfusions totaling 
1,500 cc were given during operation The operation was of five hours’ duration The 
patient’s condition throughout was satisfactory 

Pathologic examination of the resected portion of the esophagus showed extensive 
infiltration of the wall of the esophagus by malignant tumor with only a small area of 
mvohement of the mucosa (Fig 15) The tumor w'as epithelial in type, having definite 
glandular tendencies quite comparable to the carcinoma of the breast removed in 1940 
The original breast sections w'cre a^ ailable for comparison 

Postopoafwc com sc The woman’s recovery was characterized by transient gen- 
eralized edema, by djspnea and cyanosis, evidence of bilateral bronchopneumonia and a 
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Fig 15 (Case 2) The mucosal surface 
of the excised segment of esophagus, con- 
taining metastatic carcinoma The mar- 
gins of normal mucosa abo\e and below 
the tumor are on the right and left 


Fig 16 (Case 2) The esophagogram 
three w'eeks following operation shows mod- 
erate extravasation of barium at the level 
of anastomosis 


frequent cough only partly effective She was given oxygen therapy Gradually, improve- 
ment occurred and the lungs became clear However, a low-grade fever persisted The 
vvound healed per pnmam 

She was allow'ed water by mouth on the sixth postoperative day and had no difficulty 
in sw’allownng On the seventh postoperative day she became ambulatory and was able 
to drink with ease over 2,000 cc of ivater Thereafter, she w'as given a soft diet and 
intravenous therapy w'as discontinued 

On the eleventh postoperative day, roentgen examination of the esophagus with 
barium was made The esophagus at the level of the anastomosis was grossly irregular but 
showed no obstruction However, there was moderate extravasation of barium outside its 
lumen at this level Therefore, the patient was placed on nothing by mouth again and 
parenteral therapy was resumed until a gastrostomy was performed on April 5, 1948 
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Gastrostomy feedings were begun the next day Repetition of the roentgen examination 
of the esophagus with barium on April 13, 1948, showed essentially the same findings 
(Fig 16) 

For the week prior to April 14, 1948, the patient was afebrile, so penicillin, given 
preoperatn ely and postoperatively, was discontinued But at this time, she began to 
have chills and fever and to vomit A persistent cough became productive of pure yellow 
pus There developed evidence suggestive of a lung abscess on the right On April 17, 
1948, she expectorated a silk suture m the sputum A fistula between the esophagus and 
the trachea was suspected On April 20, 1948, bronchoscopy was performed There was 
an obvious perforation in the lower end of the trachea The perforation was about 4 mm 
in diameter Its edges were reddened and elevated Followung bronchoscopy, esophago- 
grams were made with iodized oil, and the oil passed rapidlj into the trachea and bronchi 
at the le\el of the esophageal ainstomosi’s (Fig 17) 
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Fig 17 (Case 2) Lipiodol in the left lung is shown, following the injection of t e 
esophagus through an upper and a lower transgastne catheter 

Fig 18 (Case 2) Esophagogram showing the upper esophagus filled with oil and the 

esophagus practically empty below the level of anastomosis A large amount o 01 
escaped into the tracheobronchial tree 

Operation Because of the esophagotradheal fistula, a second thoracotomy was per 
formed on that day, April 20, 1948 Under endotracheal ether anesthesia, t e sam^ 
wound was reopened and the same extrapleural exposure obtained There was no ui 1 
the extrapleural space There was dense fibrosis or tumor throughout e me las 1 
In the lower end of the trachea a perforation about 4 mm in diameter was 1 

trying to free the trachea, its posterior wall split open so that the per ^rflamed 

to a length of 2 cm The posterior wall of the trachea at this level was mar e ^ ’ 
and friable A biopsy was obtained and was reported later as shoi\ mg on y 
tissue and no tumor The esophagus was covered with a dense ° ,n 

and was not definitely seen No defect m it was seen There was n 
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the mediastinum The edges of the defect in the trachea were such that repair by suture 
was considered impossible The defect was plugged with several oxidized gelatin sponges 
Nothing further was done The right lung was re-expanded Closed drainage of the extra- 
pleural space was effected The wound was closed The patient’s condition was fairly 
satisfactory at the end of the operation, during which she was given l,ooo cc of blood 
Postoperative Conise It was expected that she would expire But in spite of per- 
sisting fever, phlebitis in the right leg, signs of bilateral pulmonary infection, continued 
vomiting, and loss of an additional 20 pounds m weight since admission to the hospital, 
she recovered on oxigen and penicillin therapj' The lungs cleared, the wound healed 
per pnmam and she became ambulatory again It was beheied that the tracheal com- 
ponent of the fistula vas closed temporarib’-, but esophagograms made on May 3, 1948, 
showed e\en greater passage of the radiopaque oil m tlie trachea and bronchi (Fig 18) 
Also there iras a marked stricture at the site of the anastomosis 

On bronchoscopy five days later, the tracheal perforation was seen again In view 
of the fact that at this time the patient was afebrile, that the lungs were clear again, and 
there was no chance of the fistula’s closing spontaneouslj% another thoracotomy for 
excision of the esophagus and a further attempt to close the trachea were advised 

Operation On May 10, 1948, the third thoracotomy \ras performed Under the 
same anesthesia and through the same wound, the sixth interspace was entered The 
superior mediastinum \ras exposed extrapleurally The esophageal anastomosis was 
found to be partlj’- disrupted, with a fistula penetrating into the trachea The proximal 
and distal ends of the esophagus were excised The stump of the proximal esophagus 
was delivered onto the skin of the neck The stump of the distal esophagus was closed 
by inversion The defect in the posterior wall of tiie trachea was now 2 cm in diameter 
A free graft of parietal pleura was sutured into it, and the whole corered w'lth a layer 
of oxidized gelatin This stopped the exchange of air for the time being Closed drainage 
of the extrapleural space was effected The lung was re-expanded and the wound closed 
On pathologic examination, the segments of the esophagus resected on either side 
of the anastomosis did not show residual carcinoma 

Posfopeiafwe Course The woman’s recovery was characterized by varying degrees 
of dyspnea, cyanosis and wetness of the lungs Air poured out of the intercostal catheters 
intermittently, indicating that the fistula in the trachea communicating with the extra- 
pleural space was open at intervals On May 17, 1948, on turning toward the left side, 
suddenly she became markedl}'' dyspneic and cyanotic and died apparently by drowning 
Autopsy was performed Incomplete expansion of the right lung was found with 
residual bloody fluid in the extra pleural space This space communicated with a defect 
in the traohea which had failed to close, and it was apparent that the cause of death 
was drowning by the influx of the extrapleural fluid into the tracheobronchial tree 
Gross examination of the body was not remarkable otherwise except for a marked acute 
inflammatory reaction in both lungs, confirmed by microscopic section Microscopic 
sections of the trachea through the area of perforation showed extensive invasion of the 
wall by caicmoma A small focus of metastatic carcinoma was also found in a mediastinal 
lymph node In addition, the fibrofatty tissue in the superior mediastinum showed 
invasion by similar malignant tumor cells 

DISCUSSION 

Although we have no direct proof, the experimental observations constitute 
indirect evidence that the arteries supplying the esophagus must have frequent 
anastomoses throughout the length of the thoracic esophagus After complete 
severance of all arteries entering the esophagus from the thoiax, the only 
known remaining sources of blood supply are the esophageal branches of the 
infenor thyroid entering the cervical portion and the branches of the left gastric 
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and phrenic entering the cardiac portion Yet, m the 12 animals in which 
severance of the thoracic blood supply of the esophagus was effected, the 
remaining proximal and distal ends of the esophagus maintained their viability 
in all except one 

The belief that frequent anastomoses between the esophageal arteries exist 
throughout the thoracic esophagus is further supported by unpublished obser- 
vations of the authors on the viability of the thoracic esophagus in a small 
series of dogs aftei complete seveiance of the thoracic blood supply without 
resection of an inteiwening segment These experiments were undertaken 
before beginning the present study The animals were sacrificed five days 
following operation The esophagus, though ecchymotic, was viable thiough- 
out in each instance 

Further observations in support of the belief expressed above concern the 
viability of the esophagus after operations in which the blood supply, or at 
least a part of it, may be seriously impaired or disrupted Such operations 
include those done to determine the operability of carcinoma or to repair 
esophageal hiatus hernia and congenital short esophagus, and esophagogas- 
trostomy for cardiospasm In such operations, part of the esophagus may be 
freed widely without fear of complications due to inadequate blood supply 
Since there was evidence of inadequate blood supply to the distal end of 
the proximal esophagus in only one animal in our series, it is difficult to 
explain the failure of healing of the anastomosis on the basis of arterial 
insufficiency The presence of wide anastomotic scars, as in Figure 6 , suggests 
that tension may be the more important factor in the majority of instances, 
even though this might not be apparent at the time of operation However, it 
may be said that the great elasticity of the thoracic esophagus explains the 
lack of tension in most cases after resection of such lengths as are reported 
in this series 

The greatest length of the esophagus that could be resected and folloived 
by restoration of continuitv by means of end-to-end anastomosis m the dog 
wuthout piohibitive moitality w'as not ascertained 

Observations on the possible effects of complete disruption of the thoracic 
nerve suppl}’^ on tlie function of the esophagus are not justified on the basis 
of this study 

The clinical observations support the following beliefs 
In the fiist case, sufficient margins of grossly normal esophagus on either 
side of the tumor wmre not excised because of fear of too great tension on the 
anastomosis Considering the narrow margins, recuirence w^as not unexpected 
In the second case, the presence of contiguous carcinoma of the trachea, 
with its perforation, may have been a factor in the failure of the anastomosis to 
heal It suggests that perhaps the interposition of a pedicle flap of norma 
tissue would have increased the chance of success It also suggests that tie 
operation might have been performed with greater chance of success if it ^ 
been done because of distant metastasis rather than of invasion of imnie late y 
surrounding tissue 
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SUMMARY 

1 Resection of approximately 33 per cent of the lower half of the thoracic 
esophagus, wath restoiation of continuitj b}’’ end-to-end anastomosis, was 
performed on 21 dogs \s ithout the use of adjuctive therapy, 

2 The mortality m the dogs was approximately 33 per cent, regardless of 
the side of approacli or of vaiiations m technic 

3 The cause of death m the majority of the seven animals that failed to 
survive was infection due to partial or complete disruption of the anastomosis 
In only one ammal was theie evidence of lack of blood supply to the proximal 
and distal ends of the esophagus after complete separation and dislocation of 
the thoracic esophagus from its mediastinal bed 

4 Among 14 animals sunnvmg and sacrificed at intervals of from two 
weeks to eight months following operation, the esophagus was essentially 
normal in the majont} In only one was there a slight stricture at the site of 
the anastomotic scar 

5 The application of the operation as a palliative procedure in two cases 
of inoperable carcinoma of the esophagus is described 

6 In the first case, one of primary carcinoma of the lower thoracic 
esophagus, the operation was successful temporarily m that the ability to 
sw^allow’- w as restored for a period of three months prior to recurrence 

7 In the second case, one of secondar}'’ carcinoma of the upper thoracic 
esophagus, the operation was a failure due to partial disruption of the anasto- 
mosis and the development of an esophagotracheal fistula in the presence of 
contiguous carcinoma of the trachea 

8 It is believed that the operation may have a place in the treatment of 
selected cases of inoperable carcinoma of the esophagus, as a method of pallia- 
tion superior to others in use at present 
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Discussion —Dr William F Rienhoff, Jr, Baltimore I have enjoyed Doctor 
Bigger’s presentation very much indeed, as I always do, and the subject of congenital 
atresia of the esophagus has been discussed by him in a most admirable way 

There are a few points I ivould like to make, which really only emphasize what 
Doctor Bigger stated, some of which he, because of lack of time, could not discuss as 
fully as he perhaps would have wished In the first place, I feel that congenital atresia of 
the esophagus constitutes an emergency of really major proportions and that the oper- 
ation to correct this condition should not be postponed any longer than absolutely 
necessary We feel that preoperative gastrostomy is not indicated and actually may do 
harm in the great majority of these cases Unquestionably, an end-to-end anastomosis 
behveen the superior and inferior portions of the esophagus with closure of the trachea or 
esophageal fistula, as described originally by Cameron Haight, is the operation of choice 

However, in those cases in wdiich there is absence of gas in the stomach or intestines, 
it would seem to indicate that there is either agenesis of the thoracic esophagus or an 
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hiatus between the two patent ends which would probably be too great to bring the ends 
together in order to perform an end-to-end anastomosis In such cases it is necessary to 
do a cervical esophagostomy in order to prevent saliva from spilling from the blind end 
pouch into the lung thus causing death from pneumonitis In two cases in which there was 
complete agenesis of the thoracic esophagus, one patient 5 and the other 8 days of age, it 
was necessary to use the stomach by bringing the latter organ out of the abdominal 
cavity, following which it was brought up over the chest wall in the subcutaneous tissue 
and anastomosed to the cervical esophagus above the clavicle After the stomach was 
brought up through the chest wall subcutaneously and cervical esophagostomy was done, 
the blind end of the supeiior pouch, also placed subcutaneously in the neck, was joined to 
the cardiac end of the stomach just at the level of the clavicle The children were 
explored through the abdomen via a left subcostal incision I was very much surprised 
at the ease with which the stomach could be completely mobilized by cutting the left 
gastric and gastroepiploic vessels, together with the vasa breva In a child So young the 
stomach is much larger in proportion to the length of the chest than in any other age 
subsequently, and the gastric vessels arc so small that there is no difficulty whatsoever in 
the control of hemorrhage Each operation consumed an hour and, until one has per- 
formed this complete mobilization of the stomach, bringing it out through the left costal 
incision, one will not be impressed propcrl) with the facilitj and ease with which it can 
be done In both these cases it w'ould have been impossible to establish the continuity of 
the gastro-intestinal tract bj' anj' other method I think any intrathoracic operation in a 
child that age w'ould not have been successful It w’as quite remarkable — and I discussed 
this problem with Doctor Blalock many months ago — that these ^ery joung children, 
only a few days old, do not seem to be subject to shock, at least in these two babies there 
was not the slightest evidence of shock at anv time during or after the operation These 
cases were reported in the Jolins Hopkins Bulletin (Vol 82, No 4, April, 1948) 

With reference to Doctor Parker’s paper, I enjoyed this very much indeed I haie 
had three cases, one a Ije stricture and two earl}' operable carcinomas of the esophagus 
in w'hich It was possible to resect the lower third of the esophagus by mobilizing the 
stomach very slightly, cutting the \agi in order to obtain more length and freeing the 
upper portion of the esophagus, after w'hich an end-to-end anastomosis of the esophagus 
w'as performed All three survned the operation w'ell 

I might add that in the event that the esophagus can be so resected, mobilized and 
sutured, the length of time of operation is ver}' much reduced and, which means much 
more to me, the cardiac sphincter mechanism is maintained so that there is no regurgita- 
tion of gastric contents into the lower end of the esophagus with the possibility of pro- 
ducing a peptic ulcer in the latter organ, or painful esophagitis Undoubtedly, cutting the 
vagus nerves permits much more complete mobilization of the esophagus than has been 
generally recognized, and by enlarging slightly the normal esophageal hiatus, thus bringiOo 
the stomach up into the mediastinum for a short distance, it enabled me to easily approxi 
mate the cut ends of the esophagus in those instances in which at least four me es was 
resected Of course, the stomach can be further freed by dividing the left gastric vesse s, 
if need be 


Dr R A Danifl, Nashville, Tenn Doctor Bigger has stressed the desira 11 
attempting to determine before operation tlie approximate length of the two segmen ^ ^ 
this IS extremely desirable, because in a fairly large proportion of these patients * 
wide gap between the upper blind pouch and the lower segment which is 
delicate in its structure I would like to point out that the low'er segment is xe 
in the common 3-B type— by its attachment to the trachea, whereas the upward 

not fixed, and with straining or attempts at swallowing there is marked re rac 
of the upper segment Therefoie, if iodized oil is placed in the upper ^ seKment 

film IS made, one may get a false impression of the exact length of P 
I think It IS desirable to examine these children under the fluoroscope \ 
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the upper segment I think the idea of resecting a long segment of rib is a very good 
one I have removed short segments of three, four or five ribs, and have had trouble 
with perforation of the pleura by the ends of these segments An open pneumothorax is 
poorly tolerated and I am sure you all know that positive pressure anesthesia during the 
early part of the operative procedure, before the fistula can be closed, is an undesirable 
thing in a child whose stomach is blown up like a balloon by means of positive pressure 
anesthesia 

With regard to Doctor Parker’s paper, it seems to me that this work is important 
111 the treatment of short benign strictures of the esophagus In carcinoma of the lower 
end of the esophagus we have carried out radical resection of the esophagus and mobili- 
zation of the stomach and esophagogastric anastomosis, in patients with widespread 
metastases, knowing the patients would ultimately die of carcinoma I think the possible 
advantage of such a procedure, even though it is a larger operation and more lengthy, is 
that in our experience these patients have not suffered from dysphagia subsequent to 
operation 

Dr I A Bigger, Richmond, Virginia (closing) I wish to thank Doctor Rienhoff 
and Doctor Daniel for their discussions Doctor Daniel stated that positive pressure 
anesthesia during the prelimmarj'- stages of operation and up to the time the fistula is 
Closed, will cause marked distention of the stomach and intestines This we think is one 
of the decided advantages of preliminary gastrostomy, because if the gastrostomy tube is 
left open one can institute pressure anesthesia at the beginning of the operation, and the 
air which passes down the distal esophageal segment escapes through the gastrostomy 
tube and does not produce gastric and intestinal distention 

I think Doctor Rienhoff’s idea is an excellent one This slide shows a child in whom 
we did a secondary procedure very similar to that described by Doctor Rienhoff We 
had gone in extrapleurally on the right side, hoping to be able to do an anastomosis, but 
end-to-end suture was not possible, so we closed the fistula and implanted the proximal 
segment of the esophagus in the right side of the neck A preliminary gastrostomy had 
been done Nine months later we excised the gastrostomy opening in the abdominal wall, 
closed the opening in the stomach, and then transplanted the stomach under the skin of 
the anterior chest wall as recommended by Rienhoff The esophagogastrostomy was done 
on the right side I do not believe it makes any difference on which side this operation is 
performed One other thing which we did may be of some advantage We excised the 
xiphoid, incised the diaphragm for 3 or 4 centimeters, and implanted the distal portion of 
the stomach in the area between the costal arches and sutured the margins of the dia- 
phragm to It This maneuver provides a good groove for the stomach and may make it 
possible to make an anastomosis under somewhat less tension 

This child had a fistula at the site of anastomosis which is not yet healed and 
apparently will require closure 

Dr. Edward F Parker, Charleston, S C (closing) I would like to thank Doctor 
Rienhoff and Doctor Daniel for their discussions We did not mean to imply that we would 
consider using local resection with end-to-end anastomosis as a curative procedure 
Obviously the resection is too limited and it is intended to be only a resection of a primary 
tumor We have to agree with Doctor Daniel, in our experience thus far, that it may be 
better to go ahead and do a procedure of greater magnitude However, I would like to 
recall that whereas there was local recurrence in the first case because of inadequate 
resection of the segment, m the second case there was no evidence of persistence of 
carcinoma m the proximal or distal ends of the esophagus, on microscopic examination 
at autopsy 
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THE SURGICAL TREATMENT OF PULSION DIVERTICULA 
OF THE THORACIC ESOPHAGUS^' 

Stuart W Harrington, M D 

RociirsTrn, Mixxesota 

DIVISION or SORGCR\ MA\0 CLINIC 

Pulsion diveriicula of the esophagus aie of unusual interest because of 
their indeterminate cause and infrequent occurrence, their fairly constant 
location in the lower third of the esophagus, tlie progressive character of their 
development and clinical symptoms, often simulating those of esophageal hiatal 
hernia, then frequent association i\ith other conditions involving the lower 
part of the esophagus, such as si>asm and esophageal hiatal hernia, and their 
treatment Conservative treatment such as dietary measures and dilatation of 
the esophagus may be used when the diverticulum is small and causes minimal 
symptoms or is associated with spasm of the esophagus, but surgical inter- 
vention will be lequired if it progresses in size and causes retention of food or 
obstruction of the esophagus 

This paper is a report on a series of eight patients whom I have treated 
surgicall}'' Seven w ere treated bj' transpleural excision of the diverticula and 
lepair of the opening in the wall of the esophagus and one by invagination of 
the diveiticulum and plication of the w'all of the esophagus 

Diverticula may occur in any pait of the esophagus They are of two 
general types pulsion diveiticula and traction diverticula This classification 
into tw'O types w^as made by Rokitansky^ in 1840 and w'as based on their 
cause A third type was described by Oekonomides” m 1882 , he classified 
this type as a traction-pulsion diverticulum, which is a combination of the 
above-mentioned two types 

Traction diverticula are due to the cicatricial contraction caused by an 
inflammatory process which involves the outer w'all of the esophagus They 
are usually caused by inflammatory disease of the lymph nodes at the bifurca- 
tion of the trachea and the hilus of the lung, wdnch become adherent to the 
wall of the esophagus They are true diverticula, as their walls consist of a 
layers of the w^all of the esophagus, and they are usually located in its mid e 
third They rarely produce clinical symptoms, and surgical treatment is not 
indicated unless complications arise such as perforation into the lung 

Pulsion diverticula are caused by pressure within the esophagus an are 
not true diverticula but essentially herniations of the mucous m^ raue 
through the muscle layers of the esophagus One theory of origin is t lat t ey 
are due to a congenital defect in the muscle wall of the esophagus t oug 
they may be of congenital origin, they rarely occur or produce symptoms un ^ 
middle life Mondiere^ in 1833 discussed the pathogenesis of esop^ ^ — ^ 

* Read before the Southern Surgical Association, White Sulphur Springs, W 
December 7, 1948 
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diverticulum and related thiee possible tlieoiies of oiigin, which weie “First, 
a hernia of the mucosa of the esophagus through a separation of the muscle 
fibers, second, the prolonged sojourn of heavy and small foreign bodies, third, 
any obstacle whatever to deglutition ” Pulsion diverticula are most frequently 
located at tlie phar}mgo-esophageal junction and extend tlirough the muscle 
wall of the hypopharynx In this location they are commonly termed 
“pharjmgO'esophageal divei ticula ” The next most common site of occurrence 
is in the lower third of the esophagus, wheie they are often called “supradia- 
phragmatic 01 epiphrenic esophageal diverticula” , this latter term was intro- 
duced by RosenthaP in 1902 Reeves® m 1855 introduced the term “esophago- 
cele” for this pulsion type of esophageal diverticulum 

In my experience the relative infrequenc}'- of pulsion diverticula of the 
esophagus as compaied with pharyngo-esophageal divei ticula is exemplified 
by the fact thatThave treated surgically 216 patients with pharyngo-esophageal 
diverticula during the same period that I have treated eight patients with 
pulsion diverticula 

Pulsion diverticula of the esophagus usually occur through the right pos- 
terior wall of tlie esophagus, from 3 to 4 inches (75 to 10 cm ) from the 
cardia, and extend into the right thoracic cavity, although they may occasionally 
occur at a highei level in the esophagus and may occasionally extend into the 
left thoiacic cavity In the eight patients in this senes, the opening of the 
diverticula was in the middle third of the left wall of the esophagus and 
extended into the left thoracic cavity in one case, it was m the left anterior 
wall of the lower third of the esophagus and extended into the left thoracic 
cavity m one case , and m the remaining six cases the openings of the diver- 
ticula were in the right posterolateral wall of the lower third of the esophagus 
and the diverticula extended into the right thoracic cavity The frequency of 
the occurrence of these diverticula in the latter location suggests an embryonic 
origin due to a congenital defect in the wall of the esophagus at this location, 
although the fact that the average age of these patients was 52 years tends to 
refute this theory of origin 

The youngest patient m this group was 42 years of age and the oldest 62 
years Seven patients were men and one was a woman 

SYMPTOMS 

The first accurate description of the clinical symptoms and anatomic find- 
ings m a case of diverticulum of the lower part of the esophagus was made 
by Deguise® in 1804 The following observation of the patient was quoted 

from his thesis “We were consulted in the case of M P , who, for 

more than 15 years, experienced, after having eaten, a type of rumination 
which returned to the mouth a part of the food which he had taken , at last 
he M as attacked by pains, very great difficulty in swallowing, and died m the 
greatest emaciation At the opening of the corpse, on the lateral part of the 
esophagus a membranous sac was found which communicated with the lumen 
of the esophagus, in which foods were introduced, and which, by its form, its 
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direction, its distention, compressed the orifice of the stomach, and hindered 
the fiee entiance of food ” 

The symptoms of pulsion diverticulum of the esophagus progress with the 
increase in the size of the diverticulum and are often complicated by an 
associated spasm of the lower part of the esophagus In four of the eight cases 
of this senes, theie was an associated spasm of the lower part of the esophagus 
The early symptoms are usually those of food sticking m the throat, often 
associated with spasmodic, low substernal pain As the diverticulum increases 
in size, it causes progressive dysphagia, choking attacks, regurgitation or 
vomiting of food soon after its ingestion or, at times, of food which was taken 
the da} before and has been retained in the diverticulum The sacculation may 
become of sufficient size to cause pressure on and distortion of the lumen of 
the lowei part of the esophagus, resulting in obstruction and marked loss of 
weight The letamed food and secretions may cause pronounced inflammation 
and ulceiation m the wall of the diverticulum, which may be followed by per- 
foiation into the lung or mediastinum 

The symptoms associated w ith these diverticula often simulate those pro- 
duced by the esophageal hiatal type of diaphragmatic hernia or those produced 
by a diverticulum of the cardial end of the stomach The differentiation can 
larely be definitely made clinically but it can usually be made by the roentgen- 
ologic and esophagoscopic examination of the esophagus and cardial end of 
the stomach Reitzenstein” in 1898 is credited with the first roentgenographic 
confiimation of the diagnosis of esophageal diverticulum 

Roentgenographic and esophagoscopic examinations are very important, 
not only m establishing the clinical diagnosis of the presence of a diverticulum 
but also in determining the presence of other associated conditions such as 
spasm of the low^er part of the esophagus, an organic obstruction of the lower 
part of the esophagus that results from the presence of a tumor or stricture, 
or an esophageal hiatal henna wdnch may lequire treatment In six of the 
eight cases of this series there wms an associated small esophageal hiatal hernia 
Only one of these six hiatal hernias was repaired surgically 

In one case of this sei les of esophageal diverticula, the lesion w'as reported 
both on roentgenoscopic and esophagoscopic examination as an esophageal 
hiatal hernia This wms due to the large size of the opening as w'ell as to the 
large size of the diveiticulum, wdnch w'as less than 3 inches (7 5 ^’^) 
cardia , the lumen of the esophagus below the opening wms very small There 
was an associated small hiatal hernia wdnch wms repaired first and the divertic 
ulum was operated upon latei In one other case at the first roentgenolo^c 
examination only a hiatal henna was reported, but at a second examination t 
shadow originally interpreted as an esophageal hiatal hernia w^as reporte as a 
diverticulum of the esophagus wuth an associated small esophageal hiatal hernia 
The roentgenologic and esophagoscopic examinations are not only impor 
tant m the establishment of the clinical diagnosis but aie also of equal impo 
tance in the suigical consideration of these diverticula The more 
of these consideiations are determination of tlie size and site of origin 0 
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diverticulum from the lumen of the esophagus and the side of the thorax into 
which the diverticulum extends from the posterioi mediastinum These exam- 
inations aie important m determining the most accessible point of approach 
through the thoiacic wall to expose the diverticulum, in determining whether 
there is any letention of food oi foreign body m the sac, which, if present, 
should be thoioughly lemoved befoie opeiation, and also in deteimimng 
whethei there is any communication between the diveiticulum and the lungs or 
mediastinum as a result of perforation which would requiie special pieoper- 
ative pieparation and treatment at the time of lemoval of the diveiticulum In 
none of the eight cases of pulsion diveiticulum heiein lepoited was theie any 
perforation into the lung In one case in wdnch the diverticulum w'as m the 
middle third of the esophagus, the walls of the diveiticulum w^ere greatly 
inflamed and calcified and the di\ erticulum was adheient to the median sur- 
face of the left lung but had not perforated into the lung However, I opeiated 
upon a patient on Juh ii, 1928, who had a traction type of diverticulum of 
the middle thud of the esophagus due to inflamed mediastinal lymph nodes, 
this diveiticulum had peifoiated into the posterior median suiface of the low^er 
lobe of the light lung and light main bronchus A right transpleuial one-stage 
diverticulectomy and closuie of the bionchial fistula w^eie performed This 
patient is not included in this series because the diverticulum was of the 
traction type 

PREOPERATIVE TREATMENT 

The preoperative pi epai ation is iinpoi tant m those patients wdio are selected 
for surgical treatment As stated above, if theie is any retention of food or 
foreign mateiial m the sacculation, it should be thoioughly removed before 
operation , m some instances this retained material may become inspissated and 
uicrusted onto the w alls of the diverticulum so that 1 emoval of it may require 
repeated endoscopic aspirations, m some instances the patient can gieatly 
assist in freeing or can completely free the diverticulum of retained material by 
swallowing liquids This procedure they often cany out after meals to lelieve 
their distiess 

The diet should be of a liquid 01 nomesidue type after the sacculation has 
been freed of lesidue 

All patients have at least one dilatation of the esophagus below' the divertic- 
ulum before opeiation Patients who have an associated spasm of the low'er 
part of the esophagus may require more dilatations before operation than do 
those without spasm All patients are given penicillin as an aerosol and by 
intramusculai injection for from 24 to 48 houis before operation, and a Rehfuss 
tube IS passed thiough the esophagus into the stomach at the time of operation 
so as to pi event vomiting and keep the stomach empty during and after oper- 
ation The tube is also an aid m locating the lumen of the esophagus at 
operation 

OPERATION 

The more important technical considerations of the surgical treatment of a 
large pulsion diverticulum w ith herniation of the mucous membrane through 
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an opening m the muscle wall of the esophagus are the selection of the most 
accessible site of transpleural approach to the diverticulum, the separation of 
only sufficient mediastinal pleura from the esophagus to permit adequate 
exposure of the diveiticufum \\ith as little separation of the esophagus from 
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3 inches (76 cm ) above the diaphragm Right .^iicUon of 

approach, and technic of one-stage diverticulectomy and rec 
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Its mediastinal bed as possible, complete excision of the sacculation, and 
repair and reconstruction of the opening in the wall of the esop 
cases in which the diverticulum is excised, it is essential t a 
mucous membrane be completely separated fiom the muse e \\ a 
mg, and great care should be taken not to penetrate the mu 
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during the dissection After the neck of the sacculation has been completely 
separated, a soft iight-angle clamp is placed at least i 5 cm fiom the true open- 
ing and the diveiticulum is excised at this point so as to leave sufficient mucous 
membrane for in\ ersion into the lumen of the esophagus -without leaving any 
redundance or causing any consti iction of the lumen of the esophagus A Con- 
nell suture of continuous chromic catgut is used to mvaginate the neck of the 
sac into the lumen of the esophagus The opening in the muscle wall of the 
esophagus is then closed with tno lows of inteirupted silk sutures, care being 
taken not to narrow the normal lumen of the esophagus (Fig i) In those 
cases in vhich tliere is a dilatation of the muscle wall of the esophagus 
associated vith a model ate-sized diverticulum, the sacculation may be excised, 
the opening closed and the u all of the esophagus plicated to noi mal size When 
the diverticulum is small and associated with dilatation of the muscle wall of the 
esophagus, the sacculation may be invaginated witb plication of the esophageal 
wall After the diveiticulum has been excised and the wall of the 
esophagus has been reconstructed, the median fold of the mediastinal pleura is 
sutured over the closure and the posterior fold is left open for drainage of the 
posterior mediastinum Three hundied thousand units of penicillin are placed 
in the pleural cavity The lung is fully inflated by positive pi essure, and the 
incision m the thoracic wall is closed wuth intercostal closed drainage under 
water seal or gentle suction for from 48 to 72 hours 

Brief reports of the eight cases of pulsion diverticula of the lower esophagus 
of this series follow' 


REPORT OF CASES 

Case 1 — A man age 42 3’’ears was admitted to the clinic on October 8, 1940 His 
chief complaint was dj'sphagia of 10 3 ears’ duration He stated that he had had a 
tonsiI!ectom3’- 10 3 ears prior to admission, which was complicated b3^ an aspiration pul- 
nionar3' abscess on the right side Since that time he had had recurrent attacks of spas- 
modic pain in the low'er part of the esophagus associated w'ith sticking of food in his 
esophagus, ivhich was more seiere after nervous strain He had been given belladonna 
with temporar3 relief Three w eeks prior to his admission, after a severe nervous strain, 
he began to have marked d3 sphagia and retrosternal and retroxiphoid pain that extended 
to the posterior part of the throat, and he had difficult3’' in sw'allowing food or liquids 
There was no lomiting or regurgitation of food He had lost 10 pounds (45 Kg) A 
diagnosis of diaphragmatic hernia had been made on roentgenologic examination 

Roentgenologic stud3’' of the stomach and duodenum at the clinic gave negative 
results The roentgenologic stud3'- of the esophagus revealed an esophageal diverticulum, 
5 cm m diameter, in the right posterior wall of the lower third of the esophagus 
Esophagoscopic examination disclosed a large pulsion diverticulum with a large opening 
m the right posterior wall of the esophagus, inches (3 8 cm ) above the cardia There 
was no ulceration of the mucous membrane of the diverticulum, which contained a large 
amount of barium and mucoid secretion There w'as no obstruction of the esophagus below 
e opening of the diverticulum The patient’s S3'mptoms improved after esophagoscopy 
snd dilatation of the lower part of the esophagus He was advised to have surgical 
mterventon for the diverticulum but refused He was advised to return m three months 
or observation but he did not return until one year and four months after his dismissal 
c roentgenograms at the second visit revealed marked increase m the size of the 
werticulum to 8 cm m diameter, and the esophagoscopic examination disclosed consid- 
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erable increase in the size of the opening of the diverticulum and inflammation of the 
mucous membr'ine of the diverticulum and the lower part of the esophagus Surgical 
lnter^entlon was again advised, and on March 4, 1942, a right transpleural diverticulec- 
tomy was carried out (Fig 2a, b and c) 

After the operation right pleural effusion developed, this required several pkuro- 
centeses and was followed by open operation because of empyema on the right side 
Esophagoscopic examination revealed a small opening from the right lateral wall into the 
mediastinum The patient was unable to tolerate a nasal tube, so a gastrostomy was per- 
formed foi feeding FIis condition improved after the gastrostomy, and at the time of 
his dismissal the empyema cavity was granulating w'ell and there was no leakage from 
the esophagus He returned to the clinic on sc\eral occasions and at the time of a visit 
seven months after operation, the roentgenogram of the esophagus revealed some dilatation 
of the lower part of the esophagus on the right, probably at the site of the former 
diverticulum He was feeling well 



Fig 2 — Pulsion duerticulum of the lower tiurd of the esophagus Riglit transpleural 
one-stage diverticulectomy with reconstruction of esophagus (a and b) Progressive 
increase m size of diverticulum m a period of one and one-third years (c) After 
pleural diverticulectomy and reconstruction of the esophagus Recoierj complicated by 
empyema Some dilatation at the site of operation, with narrowing of the esophagus 
below, due to spasm Complete lehef of symptoms 


Case 2 — A w’onian age =57 jears was admitted to the clinic on October 12, 1943 
Her chief complaints were dysphagia and substernal distress of seven months duration, 
and asthma since 1923 Seven months prior to her admission, the patient had begun 
having difficulty in sw'allow'ing food She had a sensation that food was stopping benn 
the sternum Three months after the onset, solid food was difficult to sw'allow and 
distress under the sternum, wath regurgitation of food almost immediately Three wee s 
later, roentgenographic examination revealed a diverticulum of the esophagus just pro ^ 
imal to the cardia The patient had lost 30 pounds (13 6 Kg ) during the past 
months She also gave a histor> of having had asthma since tlie fall of i 9~3 
been relatively free from symptoms of asthma during the past three years excep w 
she had a cold 

The roentgenographic examination of the esophagus and stoniaci rev 
esophageal hiatal hernia and, about 4 inches (10 cm ) above the stomach, a iver^i 
A second roentgenogram of the esophagus disclosed a large diverticulum 0 ^ 

third of the esophagus and a small esophageal hiatal hernia with about 2 me i 
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of tlie stomach above the chaphiagni Ivsophagoscopic e\amuiat!on revealed a large 
diverticulum in the left wall of the lowei third of the esophagus The contents of the 
diverticulum were aspirated Reduction in weight w’as advised The patient returned to 
the clinic after two months, stating that the condition had become w'orse and that she was 
now unable to take liquids A diagnosis was made of a laigc, infected pulsion diverticulum 
in the lower thud of the esophagus and of a small esophageal hiatal hernia Surgical 
intervention was advised foi the esophageal dnerticiilum, and on October 23, 1943, a 
left transpleuial diveiticulcctonn was earned out 

The immediate com alesceiice was essentiallj uneientful eveept for model ate difficulty 
in sw'allowing solids The patient was dismissed fiom the hospital on the fortieth post- 
operative dai but, Iiecause of an influenzal puhnonaii infection, w'as leadmitted Because 
of the pulmoinri infection, an open operation with ic«ection of the ninth rib w'as lequired, 



Fig 3 — Large pulsion diverticulum W'lth retention in the low'er fourth of the 
esophagus Right transpleural one-stage diverticulectomy wuth reconstruction of the 
esophagus (a) On admission, showung esophageal diverticulum cNtending into right 
thoracic cavity and to the diaphragm (b) Tw'enty-four hours later, showing retention 
of barium in the diverticulum (c) On dismissal, 24 days after diverticulectomy 
Esophageal deformity at the site of operation Lumen of esophagus normal Relief 
of symptoms 


after which she gradually recovered At the time of her dismissal, tw^o and one-half 
months after the diverticulectomy, the roentgenogram revealed a sacculation at the point 
of operation The w^ound W'as healed, except for a granulating area in the posterior 
angle She returned for observation three years after operation She still had some dys- 
phagia but her symptoms w^ere markedly relieved 

Case 3 — A man age 59 years consulted the dime on May 30, 1945, complaining of 
stomach trouble of 10 years’ duration He stated that for 10 years prior to his admission, 
he had had progressive difficulty associated with ingestion of food He had two types of 
difficulty (i) a progressive dysphagia, he stated that food or liquids did not seem to 
enter his stomach but that they w'ere regurgitated into his throat causing a marked 
choking , and (2) a feeling of fullness high in his epigastrium after meals, with vomiting 
and regurgitation of food He often regurgitated food w'hich had been taken two days 
previously He had this difficulty w’lth both liquids and solids, particularly with cold 
drinks There was also a burning, gnawing sensation in the epigastrium after meals, 
which would be particularly relieved by soda He had lost 15 pounds (6 8 Kg ) 
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The roentgenogram of his esophagus revealed a large diverticulum, about lo cm m 
diameter, arising from the distal third of the esophagus An esophagoscopic examination 
was earned out, with partial removal of the contents of the diverticulum It was impos- 
sible to remo\e all the food, barium and debris from the diverticulum by endoscopic 
aspiration, and the patient assisted in freeing the diverticulum of retained material by 
swallowing liquids A diagnosis of a pulsion diverticulum of the lower fourth of the 
esophagus was made, and on June 13, 1945, a right transpleural diverticulectomy was 
performed (Fig 3a, b and c) The patient made an excellent recovery from the operation 
and was dismissed four weeks after the operation The roentgenogram of the esophagus 
revealed the site of the operation to be m good condition with a good lumen of the 
esophagus 

Case 4 —A man age 43 years consulted the clime on February 3, 1945 His chief 
complaint was stomach trouble of four years’ duration and dysphagia of six months’ 
duration He stated that in 19UI he had consulted his ph3sician because of stomach trouble 
with pain and some dysphagia He had also had diarrhea and the condition, he said, was 
diagnosed as spastic colitis In June, 1944, he began having difficulty in swallowing food 
The food seemed to lodge 111 liis esophagus He would become nauseated and would 
vomit the food to get relief This condition has become gradually worse until the time 
of his admission, when he could sw’allow' only liquids He had lost 50 pounds (227 Kg) 
The roentgenogram of the stomach revealed an esophageal hiatal hernia with a por- 
tion of the cardial end of the stomacli above the diaphragm The roentgenogram of the 
thorax disclosed a rounded mass of increased densitv behind the right portion of the 
heart Esophagoscopic examination levealcd nothing abnormal A diagnosis was made 
of a small hiatal diapliragniatic henna due to an incompetent esophageal hiatus, and on 
Februarj 10, 1945, the hernia was repaired It was found that the sacculation seen on 
roentgcnoscopic examination was not due to the hernia but was due to a pulsion diver- 
ticulum of the lower part of the esophagus The patient made a good recovery from the 
operation and was dismissed thtce weeks after operation He was advised to return later 
for removal of the dnerticiihim He ictiinicd on June u, J 045 > and esophagoscopic 
exanunation revealed a large diverticulum in the lower end of the esophagus, containing 
about 500 cc of food, whicli was removed He complained that he had had further loss 
of weight and increasing d3sphagia since Ins previous dismissal A diagnosis of pulsion 
diverticulum of the lower third of the esophagus was made, and on June 14. ^ 945 ) a 
right transpleural diverticulcctomv vvas earned out 

The postopci ativ c course was satisfactory, and the patient w as dismissed from t e 
hospital on the sixteenth postoperative day A letter recen^ed a v'ear after the operation 
stated that his condition was much iiiiprov'cd A roentgenogram taken bv a ph3"sician in 
his home community revealed the esophagus to be normal except for a slight irregu anty 
at the lower end 

Case 5 — A man aged 62 years consulted the clinic on April 9, 1946, because of a 
sense of fullness and distress behind the lower end of the sternum of six 3 '^^® 

He stated that this feeling of fullness and distress became worse one or two 
meals, at which tune he expenenced considerable eructation of sour food During e s 
or eight months just prior to ins admission he had to sleep on two or more pi o^ 
he lay flat, he would vomit a large amount of food He had no nausea an ^ 
weight loss He had consulted a phvsician in his home community, who ha 
the condition as a pulsion diverticulum of the lower part of the esophagus, an 
roentgenograms had revealed inci ease in the size of the diverticulum ^ ^,g[-ticulum 
A roentgenogram of the stomach and the esophagus revealed a ar^e 1 
in the right lateral aspect of the terminal end of the esophagus an a^s 
diaphragmatic hernia Esophagoscopic examination revealed a fair 
secretion in the esophagus and considerable spasm around the onhee o . ^ 

The food content vvas aspirated from the diverticulum A diagnosis was 
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diverticulum of the lower pait of the esophagus, with constriction of the distal poition, 
and a small hiatal diaphragmatic hernia Surgical intervention was advised for the pulsion 
diverticulum, and on April i8, 1946, a right transpleural divei ticulectomy was performed 
Convalescence was uneventful, and the patient was dismissed four weeks after the oper- 
ation The roentgenogiam of the esophagus revealed considerable spasm of the lower 
part of the esophagus, wdiich was otherwuse normal Also a small hiatal diaphragmatic 
hernia w'as present 

Case 6 A man age 55 }'ears consulted the clinic on June 18, 1946 He complained 

of dysphagia of 10 years’ duration Because of his difficulty in swallowing he had con- 
sulted his physician, who he said, had made a diagnosis of nervousness Two years prior 



Fig 4 — Pulsion diverticulum of the middle third of the esophagus Spasm of the 
lower part of the esophagus Small esophageal hiatal hernia Left transpleural invagina- 
tion of the diverticulum and plication of tEe wrall of the esophagus (a) On admission 
Diverticulum of the left middle third of the esophagus Dilatation of the esophagus 
above the diverticulum and spasm of the esophagus below the diverticulum Small 
esophageal hiatal hernia (b and c) Three weeks after operation Some irregularity of 
the middle third of the esophagus at the site of operation Small esophageal hiatal hernia 
Left posterolateral incision healed Relief of symptoms 


to his admission, the condition had become worse and roentgenograms revealed a 
diverticulum of the middle third of the esophagus and a hiatal diaphragmatic hernia 
The patient had lost nine pounds (4 i Kg ) in tw'O years His only complaints were 
dysphagia and a sensation of food sticking in his thorax 

A roentgenogram of the esophagus revealed a diverticulum, with a very broad neck, 
in the esophagus at the level of the body of the seventh dorsal vertebra and a small 
esophageal hiatal diaphragmatic hernia Esophagoscopic examination disclosed a large 
diverticulum of the anterior wall of the middle third of the esophagus and also a small 
hiatal hernia A diagnosis of a pulsion diverticulum, with spasm, of the middle third of 
the esophagus, together wnth a small hiatal diaphragmatic hernia, w'as made, and on June 
27, 1946, a left transpleural invagination of the diverticulum and plication of the 
esophageal wall w'cre earned out The patient made an uneventful recovery from the 
operation and was dismissed four weeks later (Fig 4a, b and c) The roentgenoscopic 
study of the esophagus reiealed minimal irregularity of the middle third at the site of 
the former diverticulum and a small esophageal diaphragmatic hernia 
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Case 7 -A nmn lae r9 , 
attacks of acute indigestion of two Z’iX''’durLon’'"H" '946, because of 

to ins admission he had had an attack of sc^ere nam Pnor 

consulted Ins phvsician. who took a ^ epigastrium and nausea M 

ulnm of the lowe, pait of the esophagus HeTad" be ^ ^ 

Kg. Other than a -'-"a^Iiror 

Jowo. pa.t oftSfc^ophl ctophael\I^^a?^'^'"''‘''^ 

ination revealed a great deal of matcrnl ,,1 the * i Esophagoscopic exam- 



Right transpleural diverticiilectomv Smnlf the lower third of the esophagus 

Diverticulum of the lorvcr third r?f esophageal hiatal hernia (a) On admission 

distal part of the esophauus Alcir, °P '?Sus with contraction and diffuse spasm of the 
diyerticulectomy SpaLf^Ld cmnmrH^ o 3^*er 
deformity at the site of operation SmoH^e «°^i er part of the esophagus No 

ulum consisting of mucous memhn csoplidgeal hiatal hernia (c) Pulsion divertic- 
matory reaction lower part of the esophagus Some infiani- 


ulum of the loweT parrof^^tl"'^^ ^ diagnosis was made of a pulsion divertic- 

mtervention was ad,,, 1 r ^^^P^’^gus and a small esophageal hiatal hernia Surgical 

treaLent at diverticulum However, the patient refused surgical 

continued trouble He vvaV^^”"’*^^ a ” K’^ther consideration because of 

esonhaireal div^n,,-,.! again advised to have surgical intervention because of the 

carried out His '^"^1 ' 947 , a right transpleural diverticulectomy was 

after onerarinn no escence was complicated by pneumonia, and on the eighth day 
bv a second part of the thorax This was followed 

minute H temperature to 102° F , with increase in the pulse rate to 120 per 

thirteenUi ^ givcn pemciilm but his condition did not improve and he died on the 
pos opeiative day from pneumonia and a localized mediastinal abscess 

Case 8 A man age 47 years consulted the clinic on Octobei 15, 1947, because of 
regu gi a ion e stated that for two years he had been awakened frequently during 
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the night, at which time he would legurgitate a mouthful of bile-tastmg fluid, usually 
he would reswallow the material Occasionalb , by foice, he w'ould vomit partly digested 
food although he never felt like vomiting After vomiting, he would have a vague indi- 
gestion for several days Frequentlv w’hile eating at formal occasions, he w'ould experi- 
ence regurgitation of food just eaten 

A roentgenogram of the esophagus disclosed a diverticulum of the right w'all of 
the lower part of the esophagus, w'lth conti action of the distal part of the esophagus, and 
also a small hiatal diaphragmatic hernia Esophagoscopic examination revealed no 
obstruction m the esophagus A. diagnosis was made of a pulsion diverticulum and spasm 
of the low'er third of the esophagus and a small hiatal diaphragmatic hernia Operation 
was advised, and on October 22, 1947, a right transpleural divei ticulectomy was earned 
out The patient made an excellent recovery from the operation and was dismissed three 
weeks after it (Fig 5a, b and c ) He returned for observation seven months later He 
had no symptoms The roentgenogi am of the esophagus disclosed moderate redundance 
of the esophagus at the site of the removal of the diverticulum and diffuse spasm of the 
lower part of the esophagus, as well as a small hiatal diaphragmatic hernia Esophago- 
scopic examination revealed a shallow pouch in the lateial wall of the esophagus just 
above the stomach The esophagus was dilated to the si/e of a 50 F sound without 
evidence of obstruction 

A brief summar}'- of the surgical tieatment in the eight cases of this senes 
follows The appioach w'as transpleural through a posteiolateial incision in all 
eight cases In six the approach was through the light lower wall of the 
thorax, in one tlnough the left lower wall and in one thiough the left midwall 
A diverticulectomy with lepaii and i econsti uction of the muscle w'all of 
the esophagus w^as done in seven cases In the remaining case an invagination 
of a small diverticulum with plication of the dilated walls of the esophagus 
was done 

In one of the eight cases a lepair of an esophageal hiatal henna was pei- 
formed pnor to the excision of the diverticulum 

One patient had a postopeiative empyema, winch was diained first by 
closed intercostal drainage and later by open operation wuth rib resection 
This patient could not toleiate an indwelling Rehfuss tube thiough the 
esophagus, and a temporary gastrostomy was done for feeding during the 
first two w'eeks of his postoperative convalescence followung the open opera- 
tion for drainage of the emp}ema He made a satisfactoiy recoveiy 

One patient died fioin pneumonia and a small localized posterioi medias- 
tinal abscess on the thnteen postoperative day 

Seven of the eight patients opeiated on recoveied from the operation and 
have been relieved of their symptoms due to the diverticulum , three of these 
patients have continued to have some attacks of esophageal spasm 
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ESOPHAGEAL RUPTURE COMPLICATING CRANIOTOMY — 
SYMPTOM COMPLEX AND PROPOSED 
SURGICAL TREATMENT^ 

Edgar F Fincher, M D , and Homer S Swanson, M D 

Emori' UxnERsm', Ga 

Recently three esophageal ruptuies occuired following Mdiat might have 
been successful craniotomies, all within a pei lod of six weeks of one another , 
these cases aroused our interest in tins tragic complication We feel, after a 
study of the clinical course of these three patients and the only other two cases 
recorded in detail in the medical liteiatuie (Cushing^), that the symptom 
complex of this craniotomy sequel is such that the condition can be recognized 
before death Since the S}nnptomatology'' of this mediastinal insult m many of 
Its features is analogous to the symptomatology of cerebral complications 
following craniotomy, it is quite likely that damage to the alimentary tract 
occurs more frequently than is suspected By calling attention to the condition, 
we hope that it may be recognized that the true incidence of its occurrence 
may be established, and, vuth the suggested plan of treatment outlined by our 
confreres in thoracic surgery, that some of the fatally complicated cianiotomies 
may be salvaged For neurosurgic consideration, the salient symptoms of the 
esophageal complication are detailed, and for the surgeon vei sed m the tech- 
nical problems of the mediastinal terntories, a plan of treatment is offered 
for evaluation 

The clinical and experimental obseiwations of the past have established the 
lelationship between cerebral disease and ulceration and perforation of the 
alimentar)^ tract The literature on this subject, dealing with problems experi- 
mental, anatomic and pathologic, is voluminous Foi our purpose, only the 
esophageal damage secondary to cranial surgeiy is of immediate concern 
Aside from Cushing’s contribution, it is important to lecognize the earliest 
recorded efforts which form the basis for our present-day concepts of the 
neurogenic origin of gastro-mtestinal mucosal denudements This is particu- 
larly pertinent in view of the present extensive interest in the subject and in 
view of surgical efforts, both expenmental and clinical, m the evaluation of 
the effects of vagotomy in the treatment of peptic ulcer 

In 1841, Von Rokitansky,^ m his handbook on pathologic anatomy, 
described ulcerative lesions of the alimentary tract secondaiy to morbid condi- 
tions of the vagus nerve He described esophageal and gastric perforations 
during hfe with effusions into the pleural and peritoneal cavities in cases of 
hypothalamic tumors To Von Rokitansky ciedit is due for the adage, “ulcer 
m the alimentary tract — disease in the brain ” In 1845 Schiff^ earned out the 
earliest experimenta l procedures to confirm the relationship between cerebral 

From the Department of Surgery, Emory University School of Medicine, Emory 
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lesions and intestinal-tiact damage He effected unilateral lesions in the optic 
thalamus and adjacent ceiebial peduncles in dogs and rabbits Within a feu 
days, he demonstrated a softening in the walls of the stomachs of these experi- 
mental animals and often an actual gastric perforation Twenty-tAvo years 
later, Schiff'^ compiled all his Avoik on the physiology of digestion and pointed 
out that theie weie \ asoconstrictoi and vasodilator nerve fibers to the 
stomach , that the foi mei jiassed by Avay of the celiac plexus, and that flushing 
effects of the gasti ic mucosa were pi odticed by stimulating the fibers of the 



Fig 1 — Autopsy specimen of Case i, (A) denoting 
the tumor location in this patient, (B) the location of 
the adamantinoma m Case 2, and (C) the site of the 
sphenoid ridge growth in Case 3 

vagus nerve In 1931, Cushing^ completely reviewed all the literature per 
taming to the subject of cerebial lesions as related to gastro-intestinal disease 
and discussed in detail nine cases of his OAvn that developed alimentarji lesions 
following cianiotomy He clarified many questionable points on this 
of the relationship of ceiebial disease to gastro-intestinal lesions and postu ate^ 
from the study of his cases and additional experimental observations, 
pi esence in the diencephalon of a parasympathetic center ” Important or 
moment is his inference of the infrequency of gastro-intestinal comp ica 10 
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following cianiotoniy, for in 1931 Cushing’s series of verified brain tumors 
was past the one thousand total Further suggesting the rarity of esophageal 
ruptures is the fact that of the total of Cushing’s 12 cases exhibiting gastro- 
intestinal pathology, he had only 2 in which the esophagus was torn 

Cushing’s interest in the subject of ulcerations of the intestinal tract 
derived from “the distuibing experience of having lost thiee patients from 
acute perfoi ations of the upper alimentary canal ” That each of the brain 
tumois in his thiee cases “happened to be situated in the cerebellum could not,” 
he said, “be othei than of some significance ” Our three tumors were all 
located above the tentoiium and the anatomic site of our surgical activities 
involved the frontal and the anteiior part of the middle cerebral fossae (Fig i) 
It would appeal that the importance attached by Cushing to the tumor loca- 
tions as a factor in the production of gastro-intestinal lesions is not too sig- 
nificant In oui expel lences, the legion of the tuber cinereum was implicated 
in each case This would suppoit Cushing’s idea of “the presence m the 
diencephalon of a parasympathetic center ” The filler tracts originating in the 
tuberal center “apparent!}' pass backwaid to relay with the cranial-anatomic 
stations of the midbram and medulla, of which the vagal nucleus is by far the 
most important, etc ” From this still ill-defined anatomic suggestion, it is not yet 
possible to ascribe an isolated tumor location with a possible postoperative 
esophageal rupture It is recommended that one might be more conscious of this 
cianiotoiny complication in any cranial suigical venture Particularly, this possi- 
bility should be kept in mind when the surgery is performed in the hypothalamic 
or the medullar}' aieas There are clinical and experimental suggestions that 
gastro-intestinal function is cortically represented in the subfrontal convolu- 
tions In our first experience (Fig i), owing to the involvement of the most 
anteiior pole and adjacent cortex of inferior surface of the dominant left 
frontal lobe a theoietical cortical influence as an explanation for the 
ruptured esophageal complication -was ventured With our subsequent two 
cases and a brief suiX'ey of all our gastro-intestinal complications follo^\^ng 
intiacianial surgery or trauma, and after some exploration into the literature 
on the subject, we concluded that ahmentar}'-tract damage may occur follow- 
ing any craniotomy for cerebral or ceiebellar disease This conclusion led us 
to seek some solution or proposed ti eatment for such a rapidly fatal interrup- 
tion in craniotomy convalescence Piophylactic or preventive measures were 
considered, but without practical success and suggestions for active treatment 
of the condition were sought from our thoracic surgeon 

The essential information concerning each of our three cases is as follows 

Case 1 — (NS 48240) March 10, 1948 Meningioma— Left frontal pole Female 
Age 35 years History of 12 months of headaches Advanced degree of increase m ra 
cranial pressure No localizing symptoms Ventriculography Left fronto 
craniotomy Decompression Death 36 hours after craniotomy Complete autopsy 
tured esophagus 

Case 2 -(NS 471229) March 23, 1948 Supra-ch.asmal adamantinoma Hist^ 
of 12 months of headaches Male Age 50 years No objective evidence 0 1 
pressure Left homonomous hemianopsia Ventriculography Artenograp 
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Pi ATI- I (A.) Illubtiating the extensncncbb of the 
tear in the esophagus m Case i, as viewed at the autops\ 
table The forceps are inserted into the eardiac end of the 
intact esophagus 

(B) Autopse speennen fioin Case 2, illnstiating 
extensneness of the esophageal lupturc 
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temporo-frontal craniotomy Death 48 hours after craniotomy Complete autopsy Rup- 
tured esophagus 

Case 3 — (NS 48350) April 13, 1948 Meningioma Left mesial sphenoid ridge 
Male Age 55 3'-ears History of 36 months of headaches Chronically increased intra- 
cranial pressure Semiconscious Ventriculography Left frontal craniotomy Death s6 
hours after craniotomy Complete autopsy Ruptured esophagus 

The histologic studies of our three tumors revealed that these growths 
were of a benign chaiacter, one being a polar meningioma of the left frontal 
lobe, the second a suprachiasmal adamantinoma situated posterior to the optic 
chiasm and giossly measuring less than two centimeters in diameter, the third 
lesion was also a meningioma, histologically more active than the first case, 
arising from the mesial limits of the sphenoid ndge It is without the scope of 
this communication to discuss in detail the problems, neurologic, neurosurgical 
and histologic, involved in these cases There were some diagnostic procras- 
tinations and suigical blunders for which cognizant personal retributions have 
been made Although 12 months or longer elapsed from the onset of intra- 
cranial symptoms in each case until a histologic diagnosis was established, it is 
not our opinion that the chronicity of the intracranial disease played any role 
in initiating the esophageal ruptures A more important point for our presen- 
tation than symptoms, histology, personal mistakes 01 time elements is a 
reiteration of focusing attention on the cerebral territorial areas of our three 
efforts and the posterior fossa regions reported by Cushing, m which surgery 
was performed in an attempt to eradicate the intracranial disease Remember- 
ing these territories, one might be more ready to recognize esophageal or 
alimentary complications should the postoperative convalescence of the 
craniotomy patient not continue satisfactonly 

It is our opinion that in our three cases the esophageal 1 uptures occurred 
before death and that the damage to this structure was neither the result of 
physical, mechanical trauma nor an exaggeration of postmortem changes in 
the alimentary mucosa so familiar to autopsy workers In support of our 
ideas, none of our patients were intubated before or during their operative 
narcosis, none of the three were “tubed” or had any “aspiration efforts” post- 
operatively All three patients vomited blood as the initial symptom In the 
first patient, the retching and vomiting were both of such violence as to 
suggest a possible mechanical explanation for the rupture of the esophagus 
Her initial vomitus before the addition of her violent retching contained 
blood, so the inteipretation of this physical strain as a factor, after a study of 
the other two cases, was discarded The histologic support of our antemortem 
concepts of the esophageal damage is summed up by the opinions of oui path- 
ologists m their report that “the microscopic studies of the alimentary per- 
forations and the surrounding tissue changes are those of ante-mortem cellular 
activities and not postmoi tern tissue degenerative depictions ” 

The symptomatology of the esophageal ruptures m our three cases has 
been essentially identical The postoperative symptom details lecorded by 
Cushing in his two experiences could be substituted for any one of our cases 
It IS upon the appearance of these symptoms following craniotomy that we feel 
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the condition can be suspected The confiimation of this suspicion by medias- 
tinal aspiiation constitutes a pait of the proposed suggested tieatment The 
symptom complex can be summed up as beginning with vomiting, the vomitus 
containing blood, followed by a seething, lestless iiiitability, respiratory diffi- 
culties, sweating, cyanosis and a jm ogi essive loss of consciousness, an increas- 
ing pulse late, an uncontiollable hypeithermia, profound coma and rapid death 
The immediate postopeiative leactions of oui patients to the craniotomy 
were satisfactory in all three instances The pulse lates, blood-pressuie record- 
ings, tempeiatures and respiiations were wuthin expected postoperative ranges 
These “vital signs” recoided at 15- and 30-minute intervals remained rather 
stationary during the fiist 24-hour peiiod after operation The vomitus, pro- 
duced in the fiist 8 to 12 houis after conscious activities, appeared following 
recoveiy from the “anesthetic hypnosis,” consistently contained blood, either 
as “coldee-giound” watei v fluid or bnght-ied bloody mucous material The 
vomiting continued thiough conscious and semiconscious periods After the 
first postcianiotomy 24-hour jDcnod, such consciousness as had been regained 
began to lag and the jiatients lapsed into a stupor which progressed to a coma 
within from four to six houis \Vith the initial 1 egression of consciousness, 
extreme restlessness and excessive sweating developed In this same 24-hour 
peiiod, w'lth the 1 eduction in conscious contacts wuth the patient, cyanosis 
w'as definite 111 the fingei tips and mucous membranes With the appearance 
of cyanosis, the pulse rate inci eased to 120 per minute and higher This rapid 
late w'as maintained almost until death The immediate temperature elevation 
that usually chaiacteri/es cveiy craniotom) having begun a descent to more 
normal levels at the beginning of the first postoperative day, rather abruptly 
became elevated and continued to do so This occuired despite therapeutic 
efforts that in most instances have been eftective in controlling postcraniotomy 
hyperthermias The pulse-iate inciease w'as concomitant with the temperature 
elevation The tempeiatuie continued to rise until a few' minutes before death 
wdien an abi upt di op to normal or subnoi mal figures w as recorded A change 
in the respirator)' late developed, with the appeal ance of cyanosis in the 
extiemities This rate lemained elevated in tw'o of the cases An hour before 
death in one patient, this late diopped to 6 to 10 per minute The 
excursions of the thoiacic cage were in each case rather shallow' and became 
moie so as the rate increased Thioughout the postoperative course our three 
patients maintained an essentially noimal blood pressure 

Just before death, theie w'as an abrupt diop in piessure to levels 
could not be recorded and theie w'as no 1 espouse w'hatsoever to so ca e 
“cardiac” or “shock” theiapeutic effoits Othei than the secondary 
consciousness, none of oui patients exhibited any new' objective neuioOj,^ 
symptoms in the postcraniotomy coinse With oui alread)' descrne a er^^ 
tions in “vital signs,” in Cushing’s tw'o expenences theie is no 
his patients’ developing new neurologic symptoms 111 the nature 0 
1 eflex changes, spasticities or any phenomenon to suggest adde cere^ ra ^ 
turbances There was no objective evidence in his or our patients 
general acutely increasing inti acranial pressure There w'ere no new c 
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manifestations of a localizing natuie during the time we have designated as the 
one in w Inch the esophageal damage and s3'stemic tissue reactions were active 

In a leview of seven postcraniotom}'’ postmoitem examinations, all pei- 
foiined foi tiaumatic or neoplastic conditions, the clinical developments within 
the fiist 24 to 36 houis after opeiatioii lead us to believe that these deaths may 
have been the lesult of pathologic developments in the ahmentaiy tract and not 
primal ily the lesult of inti acranial complications In these cases, autopsy 
studies were “limited to the head only,” and while the deaths were ascribed to 
pathologic changes in the brain and to the operation, the gross and microscopic 
appearance vas not in every instance a completely satisfactory explanation of 
the postopeiative death There have been seven othei deaths in oui experience 
in vhicli the clinical developments were consistent with a lesion of the upper 
gastro-intestmal tract Unfortunatel)’-, autopsies could not be obtained m these 
cases It IS our opinion that oui earlier inference of the rarity of alimentary- 
tract complications fiom neurosurgical efforts is more relative than real 
Obviously only complete autopsies will reveal the true frequency and establish 
the incidence for this cause of death as an aftermath of cerebral operations 

Our interest in seeking help for the diagnosis and treatment of esophageal 
damage follovnng mti acranial surgery was prompted by the fact that our 
three cases occurred within a few weeks of one another The secondary reason 
for eliciting some help for the complication was based on the opinion that the 
situation is more frequent than is suspected This idea developed after a crit- 
ical review of the clinical charts of the 14 unsatisfactorily explained “cerebral 
deaths” following craniotomy There are no intimations in the literature con- 
cerning treatment or diagnosis of the gastro-mtestinal complications secondary 
to craniotomies Since it is not specifically established that the pathologic 
physiology of these esophageal disruptions is primarily vagal or celiac dysfunc- 
tion, or an imbalance between these two autonomic alimentary innervations, 
one cannot as yet offer specific prophylactic measures There are no pharma- 
cologic preparations ^\ Inch will totally paralyze the vagus nerve and there is no 
justification or practical need for surgical attack on this structure or the celiac 
sympathetics preliminary to a craniotomy Our immediate possible solution 
for establishing the diagnosis and for active treatment for the insult to the 
mediastinal tissues was suggested by Dr Osier Abbott of our thoracic- 
surgical service 

The proposal of Doctor Abbott is that when an esophageal rupture is 
suspected, a bedside roentgenogram of the chest be made The presence of 
mediastinal air depicted on this film would confirm one’s clinical suspicions 
His next suggestion is that a Levine tube be inserted into the esophagus If 
blood be obtained on aspiration, iodized oil should be injected into the tube and a 
second roentgenogram of the chest be made A diffusion of this contrast media 
into the mediastinal spaces would confirm the diagnosis After the establish- 
ment of the diagnosis, some benefit might be obtained by surgical drainage of 
the territory This could be accomplished by the insertion of an intercostal 
tube, or perhaps more effective drainage would be secured by a resection of the 
proximal portion of a rib This would be followed by a nasal tube into the 
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stomach to assuie continued removal of gastric contents It is likely that this 
emeigency surgery would have to he performed without transfer of the 
patient to the opeiatmg theater The definitive plastic repair of the esophagus 
could be pel formed as a later elective piocedure Antibiotic administration 
and chemotherapy would constitute a part of the systemic treatment An 
inteival gastrostomy should be considered if the patient responded satisfac- 
toi ily to the mediastinal drainage This plan of treatment appears drastic and 
ceitainly would requiie suigical fortitude Pulmonai7 embolectomy and vena- 
cava litigations for general surgical complications are also bold procedures 
The removal of a benign brain tumoi complicated by such a rapidly fatal 
sequel as an esophageal i uptime would, in our opinion, justify any procedure 
offering hope of saving a life Should the symptoms m any of our future 
craniotomies lead us to suspect damage to the upper alimentary tract, the 
diagnostic and therapeutic efforts outlined above wull be promptly instituted * 

SUMMARTi 

A distuibance of bod}’’ thermal reactions followung certain craniotomies 
and high cervical laminectomies is a condition commonly wutnessed and 
expected by neurosurgeons These Ityperthermias are usually explained on the 
theory of damage to the “heat-regulating centei s” oi on the basis of a disturbed 
peripheral cii dilation Extreme changes in pulse, respiratory rate and the 
appearance of cyanosis followung inti acranial surgery are symptoms too fre- 
quently attiibuted to altered cerebral functions Vomiting, common in post- 
opeiative craniotomy patients, is accepted as an anticipated postanaesthetic or 
intracianial leaction Should this vomitiis contain blood, the physiologic 
alteiations wduch simulate tlie symptoms of intracranial complications must be 
properl}’’ evaluated in ordei to recognize an alimentary lesion It is felt that the 
characteristics of an esophageal lupture following intracranial operations can 
be recognized b}’- caieful study of the clinical chart even if theie are no addi- 
tional neuiologic developments othei than an interference m consciousness 
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Discussion — Dr Charles Bagle\, Jr, Baltimore Doctor Fincher has 
most interesting and, I think, unrecorded experience I wmuld like to report a simi 
experience A 43-year-old male came to Mercy Hospital, Baltimore, because 0 
and frequent epileptic seizures He also gave a history of gastric symptoms w ic 
been determine d to be the result of a gastric ulcer The gastric symptoms an — 

* Dr Osier Abbott performed the proposed plastic operation on a ruptured 
of neurogenic origin in an adult male on January 6, 1949 This patient is s 1 
April 20, 1949 
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symptoms extended over a long period An encephalogram, usually a mild procedure, was 
done with negative findings and, following this, vomiting was very troublesome Forty- 
eight hours after the procedure there was sudden onset of severe abdominal pain The 
patient died within 24 hours and an autopsy revealed a perforated gastric ulcer 

Dr Roy D McClure, Detroit I was intrigued by the title of this paper— 
“Esophageal Rupture as a Complication of Craniotomy” and I would like to mention a 
patient I had when I was resident at Johns Hopkins Hospital, who had a rupture of the 
stomach as a complication of craniotomy 

In 1907 Dr Harvey Cushing had sent me to New York to work with Dr Alexis 
Carrel to learn his technic of blood vessel suture I also learned there, from Dr S J 
Meltzer and Dr J R Auer, this method of intratracheal anesthesia which completely re- 
placed the cumbersome Sauerbruch chamber we were using previously We came back and 
began using tracheal anesthesia While I was resident Dr Walter Dandy was first assistant, 
and at that time was becoming more and more interested in brain surgery When this 
patient came in it was decided that the gasserian ganglion should be removed A member 
of this Association — not present at this meeting — gave the intratracheal anesthetic to the 
patient In those days we did not have operating tables with wheels or castors The 
patient was anesthetized on a stretcher by this doctor, whose name I won’t mention, and 
brought into the operating room Orderlies at that time lifted the patient off the stretcher, 
up against their abdomen and chest, the stretcher was withdrawn and the patient was 
laid on the table I was going to help Walter with the operation We noted after the 
patient was draped that she was getting very blue and was having trouble with breathing 
We immediately took off the draperies and noted that she was tremendously distended 
We passed a stomach tube and got a good deal of gas from the stomach We knew then 
that the anesthesia tube was in the esophagus and not in the trachea Her condition did 
not improve and we put her in the anesthesia room for a couple of hours The liver 
dullness had disappeared Then the blood count had started up so we decided there must 
be a ruptured viscus I operated on her and found a large quantity of air m the 
abdominal cavity and a rupture in the lesser curvature of the stomach near the esophagus 
The rupture was not directly through, like that produced by ulcer We inverted the 
rupture in the stomach and sutured with mattress sutures and had a very prompt recovery 

The only reaction we had in this patient was that, when we made ward rounds every- 
day, she complained — “Doctor, I wanted my head operated on, not my stomach ” Within 
ten days Dr Walter Dandy did do the gasserian ganglion operation and she made a com- 
plete recovery and left the hospital For perfectly obvious reasons we did not report this 
complication at that time 

I am indebted to Dr Alfred Blalock for supplying me with an abstract of this his- 
tory at this time 

Dr Cobb Pilcher, Nashville, Tenn Doctor Fincher’s paper is a very important 
contribution, not only because it calls attention to a fortunately rare but usually fatal 
complication in otherwise successful intracranial procedures, but because it suggests the 
possibility of complications of this character which do not terminate fatally and may occur 
much more frequently than we think I say this because it is not particularly 
uncommon, in patients who have had operative procedures m this region of the brain and 
who remain in a state of so-called pathologic sleep for some time after operation, for them 
to vomit, always m the past considered to be post-anesthetic vomiting, and it is not 
particularly uncommon for the vonntus to contain blood We have always tended to lay 
this in the lap of the anesthetist and assumed it was due to manipulation associated with 
insertion of the intratracheal tube, we have even criticized the anesthesia department 
rather severely for this at times, and Doctor Fincher’s contribution makes one wonder if 
perhaps we have not been overlooking non-fatal, non-perforating esophageal or gastric 
complications similar to those he has mentioned but not progressing so far 
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Dr Hugh A Gambih, Greenville, Miss I ha\e never seen a case of esophageal 
rupture secoiidarj to a craniocerebral injury However, I wish to report a case of acute 
pancreatitis winch came on shortly after sustaining a fracture of the skull over the right 
frontal region 

Tins patient was employed at a sawtmll, and while working around the boiler was 
struck upon the front of the skull b> a flyw-lieel causing a compound depressed fracture 
on the right side He was temjioianiy unconscious and was brought to the hospital at 
10 00 A M , at which time he had regained consciousness An evploration of the wound 
was done Tliere was no cerebral liemorrliage A depressed fracture w’as elevated The 
wound was sutuicd and drained About three hours later he began to suffer e\cruciating 
epigastric pain He gave a Instorj of having had an operation about five years before 
for intestuia! obstruction and it w'as thought (bat possibJv there had been a recurrence of 
this condition The pain was iinrennttmg in character and unrelieved by opiates At 
5 00 P M he svas again taken to tlic operating room, the abdomen was opened and it 
was foiiim that he had an acute pancreatitis, the pancreas Icing about twnce normal size 
and all the surrounding tissues markcdK edematous The pancreas was drained through 
tiic gastro-hepatic ligament and a clioicc> stostonij w'as also done The patient made a 
good reco\cry 

The owner of the saw mi!! earned uisurancc and the company made inquiries as to 
w'lietlier or not tlic acute jiancreatitis liad anj connection with the original injurj I told 
them tiiat in niv opinion it was simjih a coincidence, but from what I lia\e heard this 
nioriiiiig I fee! tliat I must !ia\e liceii mistaken m that mow point and that there w'as a 
definite connection between the two 

This paper is of great importance to the general surgeon If iias brought out the 
complications that can ensue from cranial injuries and cranial diseases, to which we ha\e 
not paid particular attciitioii in (lie past 

Dr Ewar F FiAriiiJi, Atlanta (closing) I want to thank Doctor Bagiev, Doctor 
McClure, Doctor Pilcher and Doctor Gamble I would be interested in Doctor McClure's 
experience w'ltli Doctor Dandi, for I am sure tint m those dajs Doctor Dandy was doing 
the transtempora! approacli to the section of (lie posterior root of the fifth nerve In bis 
latter jears when he exposed it h\ waj of tlie posterior fossa he uncovered a good man} 
tumors It IS possible that the patient described bj Doctor McClure may have had a 
neoplasm 

I had hoped that Doctor Swanson, nn associate, who cosered all the literature— an 
I assure you that it is \oiuminous, both experimental and clinical — w'ould present some 
of this pertinent information I do not helicie the influence of the central ner\ous system 
on alimentary lesions is well appreciated unless one docs go through the literature, par 
ticularlj the cxpennicntal inatcrnl 



TREATMENT OF HYPERTHYROIDISM IN CHILDREN* 

John H Lyons, M D 
WASHixoaox, D C 

Thc purpose or ihis paper is to discuss the treatment of hypeithyroidism 
111 children and to leview the cases of this disease as observed at the Children’s 
Hospital of Waslungton, D C , vith lefeience to other senes 

Hyperthyroidism is a rare disease in children, especially m the very young 
It has, however, been diagnosed in infancy, Klaus^ having reported the case of 
a nine-month-old baby, and White^ an even more unusual instance of hyper- 
thyroidism m a male fetus Its frequency rises with increasing age, reaching 
a maximum at the time of puberty In the past 13 years only eight children 
vith the disease have been admitted to the Children’s Hospital in Washington, 
D C During the same peiiod there were 78,659 admissions in all, theiefore 
the incidence of hyperthyroidism was slightly more than o 01 per cent While 
this IS much low er than the figures presented by some medical centers where a 
large amount of thyi oid surgery is done, it is m keeping with those from othei 
pediatric sennces Schwartz® stated that on the pediatric seivice of the 
Western Pennsylvania Hospital m Pittsbuigh, where there were approxi- 
mately 1,000 admissions a year, m a 20-year period there was only one case 
of exophthalmic goiter in a child , and at Long Island College Hospital in 1,000 
operations for exophthalmic goitei only four w'ere on patients w'ho had not 
yet reached puberty The age limit at the Childien’s Hospital in Washington, 
D C , IS 12 years, wJule the bulk of cases reported in the literature are among 
the 13- and 14-year-olds, many of w'hom probably should not be classified as 
children In Dinsniore’s^ series of 57 cases 65 per cent were between 12 and 
14 years old Incidentally, the inciease in thyroid activity during pubescence 
makes it difficult to dia\v the line between the normal and the abnormal 

H3perthyroidism is especially rare in male children The latio of females 
to males vanes widely in different series, being 16 to one 111 Bram’s^ series of 
128 cases, and thiee to one in Kerley’s ® Kennedy' reported a latio of appioxi- 
mately seven to one in 157 cases at the Mayo Clinic 

No more is knowm about the etiolog}'- of hyperthyroidism in children than 
in adults Pieice® dismissed the subject by saying that no definite etiologic 
agent was known While this is true in a strict sense, certain predisposing or 
exciting factors are recognized and must be given consideiation There is 
evidence that heiedity may play an important part, as in the family reported 
b} Climenko and cited by Dmsmore,® in which the mother, two daughters, and 
a child of each daughter, one a boy and the other a girl, had the disease In 
some cases hyperthyroidism seems to follow infectious disease, and occasionally 
jisychic trauma has appeared to be the causatn e agent Bram^ stated that rare 
incidence of psychic ti auma as a factor in children is in direct contrast wnth 
the history of the disease m adults, m who m ps) chic trauma appears to be of 
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great significance Edgien^o called attention to the striking frequency with 
which an infection seemed to be the precipitating cause of hyperthyroidism in 
the young The question has been raised fi equently in the past as to whether 
the widespiead use of iodine in children to prevent endemic goiter may not 
occasionally be the cause of exophthalmic goiter Recent investigations sug- 
gest that some goitrogen in food or drugs may be responsible 

A very important point is that the hyperfunctioning thyroid gland m chil- 
dien piactically ahvays manifests diffuse hypertrophy and produces the same 
clinical pictuie, namely, exophthalmic goiter No case of adenomatous goiter 
with h>perthyioidism has ever been seen at the Mayo Clinic The gland is 
moderately and rather symmetrical!) enlarged and is usually firm in consistency 
throughout its entire substance Microscopically, the gland shows diffuse 
parenchymatous h) pertroph) and hyperplasia The normal low cuboidal cells 
of the follicular epithelium are teplaced by high cuboidal or columnar cells, and 
the epithelium manifests infoldings and papillary projections into the acini 
The iodine content of the gland is greatl) reduced 

The s)'mptoms of hyperthyi oidism in children are analogous to those in 
adults with exophthalmic goiter The onset may be gradual or sudden, with 
nenmusness or iintabihly fiequentl)' the initial symptom Sometimes a 
teacher is the fiist to detect that the child is ill because of deterioration in his 


school woik TachjTardia, exophthalmos, goiter and tremor are almost con- 
stantly present Other s}mptoms are increased appetite, heat intolerance, 
sweating, increased pulse pressure, weakness, loss of w^eight, dyspnea and 
gastro-intestinal disturbances The pulse rate may be as high as i8o per 
minute, and the systolic blood pressure may rise to jgo mm Hg with no 
increase in the diastolic pressure Thrills and bruits can often be detected over 
the gland and heart Sei eral authors have reported skeletal development exceed- 
ing that wdiich is normal for the patient’s age, and others have mentioned 
dela)^ed or diminished sexual development When these children grow unusu- 
ally rapidly, then heights ultimately are not greatei or less tlian the average 
Although the disease is usually severe m children, crises do not ocair as 
frequently as in adults The course of the disease is characterized by periods 
of remission and exacerbation, and in raie instances it is self-limiting The 
longer the duration of the disease, the more deleterious aie its effects upon 
the child 


It is evident that the early diagnosis of a condition in w^hich profound meta- 
bolic and nervmus disorders are present is of the greatest importance Never- 
theless, while the clinical picture of hyperthyroidism in children is typical, the 
diagnosis often is not made until late m the disease, probably because the 
condition is so rare that the clinician is slow' to consider it as a possibility 
The determination of the basal metabolic late, so useful m diagnosis in adults^ 
IS of questionable value m a nenmus and often unco-operative child Lahey 
has recommended a method of detennining the basal metabolic rate deve ope 
by Bartels He has found that under pentothal anesthesia falsely elevated rates 
are not obtained This method should prove useful in children Blood-c lo es 
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terol determinations are of limited value A high result rules out hyperthyroid- 
ism but a low reading is not a reliable confirmatory sign In the absence of 
dependable laboratory data, the diagnosis must rest on the history and physical 
findings 

For many years subtotal thyroidectomy has been the generally accepted 
treatment for hyperthyroidism, even though it has been recognized that this 
procedure, while giving symptomatic relief, does not correct the primar}'^ 
underlying cause There is disagreement as to the amount of thyroid to be 
removed in a child, and also as to the frequency of persistent hyperthyroidism 
and myxedema after operation Welti^^ stated that very wide thyroidectomies 
are necessary m children and can be expected to yield, in general, better results 
than m adults Weltd^ and Nixon,^^ citing Means, favored thyroidectomy at 
least as radical as in adults, because of the high rate of recurrence and per- 
sistent hyperthyroidism in children CattelV® Dinsmore^ and Abbott,^’^ on the 
other hand, emphasized the frequency of myxedema postoperatively, but 
Kennedy^ stated that postoperative myxedema rarely occurs It is probably 
true, as Pemberton and Black^® have stated, that relativel}'- the same amount of 
thyroid tissue should be removed in a child as in an adult Recurrence or 
m}ocedema is not an uncommon postoperative manifestation, but, according to 
these authors, there is no indication that the preservation of more or less of the 
gland would give more uniform results 

Before 1923 the operative mortality in children with hyperthyroidism was 
about 9 per cent This rate was achieved by careful preoperative preparation 
and multiple-stage operations After Plummer introduced the use of Lugol’s 
solution as part of the preoperative treatment in 1923, the operative mortality 
dropped to approximately 2 5 per cent without resort to multiple-stage 
operations 

Without dwelling on the involved and obsaire nature of the pathologic 
physiology in exophthalmic goiter, it should be mentioned that the beneficial 
effects of the administration of iodine in this condition are probably due to 
inactivation of the thyrotropic hormone, which in turn produces a lowering 
of the basal metabolic rate, an amelioration of symptoms and regression of the 
pathologic process m the thyroid gland Means^^ found that the fall of the 
basal metabolic rate averaged 3 5 points a day on adequate iodine medication 
The regressive changes in the gland consisted of reduction of hyperplasia and 
increase of colloid While the effects of iodine in exophthalmic goiter are most 
striking, it was never seriously considered as a substitute for surgery but only 
as a means of making surgery less dangerous 

The introduction of thiouracil by Astwood in 1943 aroused the hope that 
this drug might prove a welcome substitute for surgery in the treatment of 
hyperthyroidism The pediatric literature abounds with statements expressing 
this hope and emphasizing the importance of avoiding any actual loss of the 
substance of the gland, because the future growth and development of the child 
are so dependent on thyroid activity The implication of these articles was that 
children who have had subtotal thyroidectomy do not develop normally, but this 
1*5 not borne out by the facts 
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Since the introduction of thiourdcil several other thioureas have been tried 
in the treatment of hyperthyroidism All are capable of reducing the basal 
metabolic rate to normal if given ni sufficient quantity and of producing myx- 
edema if given in large enough doses over a long period of time According to 
various authors, the rate is reduced from i 2 to o 5 per cent each day The rate 
of reduction is influenced by the type of hyperthyroidism, the duration of the 
disease, whether or not the patient has been on iodine and the geographic 
location These drugs act by inhibiting the production of thyroxin They 
probably also stimulate, either directly or indirectly, the production or liber- 
ation of thyi otropin by the pituitary gland, which accounts for the hyperplasia 
in the thyroid — always present when these drugs have been administered for 
any length of time In other words, these drugs reduce the basal metabolic rate 
to normal and ameliorate the symptoms but they do not change the histo- 
pathologic picture , the gland remains diffusely hyperplastic, and resection of 
such a gland is most difficult because of friability, uncontrollable bleeding and 
difficulty of exposure These disadvantages can be corrected by administration 
of iodine with the thiourea 

Propyl thiouracil is the least toxic of the thiourea derivatives that have been 
elaborated, but even it cannot be used wnthout risk All of them are capable of 
causing fevei, rash, leukopenia, agranulocytosis and even death Gargilk® 
found toxic symptoms in 15 per cent of 6,800 patients wnth hyperthyroidism 
treated with thiouracil, and the reports of Reveno,"® Bartels,-^ Crile,-' Astwood 
and V an der Laan-'* include 494 cases of hyperthyroidism ti eated w'lth propyl 
thiouracil with toxic symptoms in i 2 per cent 

Another objectionable feature of these drugs is their possible carcinogenic 
action The hyperplasia w Inch they produce in the thyroid gland approaches 
malignant change Gorbinan,-** after prolonged feeding of thiourea to mice, 
found thmoid cells in the veins of the thyroid gland and small islands of 
thyroidhke cells in the lungs These aberrant cells show ed many mitotic figures 
The hope of the pediatricians that thiouracil, or the safer propyl thiouracil, 
w'ould proA^e a substitute for surgery has not been realized In the first place, 
when basal metabolism has been 1 educed to normal and the drug discontinued, 
hyperfunction of the gland aviII usually lecur after a A^ariable period This is 
to be expected, since the diffuse hyperplasia piesent in the gland has not been 
reduced b)^ the action of the drug Theie are too few' repoi ts of treatment 0 
hyperthyroidism in children wuth thiouracil 01 propyl thiouracil on Avhich to 
base an opinion, but the late of relapse in adults after discontinuing the drug 
has been reported to be from 20 to 80 per cent, and there is no reason or 

believing it would be low'ei in children , 

Control of hyperthjmoidism by continuing to administer thiouracil or prop) 
thiouracil indefinitely is certainlv not to be recommended Prolonge tr^ 
ment AVith these toxic drugs may cause the child to develop into a neuro^^c 
unstable individual, furthermoie, it exposes him to the risk of drug ei 

eiuptions, leukopenia, agranuloc)'tosis and even death aim 

There have been very few' leports of the tieatment of hypertiyroi isii 
children by irradiation Rose, Rose and Pendergrass-' reported ten cases 
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failure in two This foim of treatment has had an extensive tiial in adults 
and has been laigely abandoned and would in all probability be no moie 
successful in children than in adults 

Radioactive iodine is the most recent therapeutic agent to be tried in thyio- 
toxicosis, but Its use in childi en must be condemned for several reasons In the 
fiist place, this form of treatment is followed too frequently by myxedema 
Haines,-® at the meeting of the American Goiter Association held in May, 
1948, lepoited 35 cases of exophthalmic goiter tieated with radioactive iodine 
Myxedema developed in five It is not known definitely whether 01 not the 
gamma ra}'S that are intioduced are carcinogenic, or what their effect may be 
on other parts of the body, notably the kidneys, Mayo Soley,^” at the same 
meeting, stated that it may be as much as 25 years before the end results of 
treatment of exophthalmic goiter ivith radioactive iodine are entirely known 

Because of the failure of thiouracil and related drugs to live up to the 
expectations of the pediatricians, the uncertain results of roentgenotheiapy, and 
the dangers associated with the use of radioactive iodine, subtotal thyroidectomy 
remains the best treatment for hyperthyroidism m children Caieful prepara- 
tion must precede operation if it is to be carried out ivith safety, and tbe 
problem of preparing children is different from that in adults In the lattei, 
hyperthyroidism may be associated with diffuse h}pertrophy or with 
adenomatous goiter, but m children it is always associated with diffuse hyper- 
trophy Fortunately, it is this type of hyperthyroidism which responds best 
to iodine 

In recent years, because of the intense interest in thiouracil and related 
drugs, and the enthusiasm ovei the possibility of these drugs supplanting 
surgeiy, we have overlooked the great value of iodine in preparing patients 
with hyperthyroidism for operation It has been laigely replaced by propyl 
thiouracil but is still used to prepare the patient wnth a mild form of the disease 
and is administered in more severe cases after propyl thiouracil has brought 
the basal metabolic rate to normal, or in conjunction wuth propyl thiouracil 
throughout preoperative tieatment to make operation less difficult and less 
dangerous 

It IS ni)" firm conviction that iodine is the drug of choice m preparing chil- 
dren wnth hyperthyroidism for operation and that propyl thiouracil should be 
used only m those cases m wffiich iodine fails to 1 educe the basal metabolic 
rate and allay the symptoms so that a single-stage thyi oidectomy can be car- 
ried out safely There are three reasons for my conviction first, the type of 
hyperthyroidism always present m children, namely diffuse hypertroph)^ 
responds especially w^ell to iodine , second, the child can be much more rapidly 
prepared for operation wnth iodine than with a thiourea derivative , and third, 
iodine IS a safe drug, while thiouracil and even propyl thiouracil are potentially 
dangerous 

The number of cases of h) perthyi oidism treated at the Children’s Hospital 
m Washington, D C , m the last 13 }ears has been small (eight) However, 
the fact that this number lepresents all the patients with this condition admitted 
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to one of the largest childien’s hospitals m this country within a considerable 
number of years should fuinish justification for summarizing them briefly 
The ages of the eight patients were as follows one 12 years old, one ii 
two 10, and one 9, one 8, one 3 and one 2 Six of the eight children were 
females, two were males, four were white, three were Negro and one was 
Chinese The relatively large number of Negro children in this series is in 
contiast to Dinsmoie’s senes of 57 which included only one Negro child 
All the patients presented the pictuie of severe hyperthyroidism on admis- 
sion in spite of the fact that all of them had been under treatment before 
coming to the hospital For the eight children the average pulse rate was 132 
per minute , their average basal metabolic rate was plus 39, and their average 
blood cholesterol was 16 r mg per cent 

One of the patients, the Chinese girl, who was two and a half years old, 
died in thyroid crisis 22 hours after admission One child was kept in the 
hospital long enough to complete a diagnostic study, but then was discharged 
because of a measles quarantine She was to return for treatment later but 
failed to do so Another patient was treated with propyl thiouracil for one 
year and did not come to surger}'' 

The other five patients ^\ere operated on without mortality Four were 
prepared with iodine, to which they responded well, and then w^ent through 
operation satisfactorily The preoperative prepai ation of the remaining patient, 
a three-year-old wdiite giil, was started with piopyl thiouracil This, how^ever, 
had to be discontinued in tw'o w'ceks as a rasb appeared and her wdiite-cell 
count diopped to 2,000 w'lth 2 per cent polymorphonuclear leukocytes The 
patient w'as then given Lugol’s solution and three w eeks later a subtotal thj’’- 
roidectomy w'as carried out successfully 

Of the SIX patients wdio weie treated at Children’s Hospital, five wuth 
subtotal th)' roidectoni}'' and one with thiouracil, five are still alive One boy on 
wdiom thyroidectomy w'as performed at ten, died suddenly six years later 
while apparently in excellent health The coroner gave as the cause of death, 
“acute congestive heart failure and chronic endomyocarditis ” 

The five living patients wdio leceived treatment were brought back to the 
hospital recent!}'’ for physical examination and estimation of basal metabolic 
rate , their histones wmre also brought up to date The four on whom subtotal 
thyroidectomy had been performed had lemamed w'ell since operation and none 
show'ed any symptoms of hyperthyroidism The basal metabolic rate w'as 
normal in every case Physical examination revealed that the eyes of all of 
them weie a little laiger than normal and that tw'-o of the four had a shghtlj 
increased amount of body ban Twm of the girls had attained the age 0 
puberty and both had normal menstrual histones and one had marned an 
had a normal baby 

The girl wdio had been treated wuth thiouracil is now' 15 years old e is 
apparently well developed, W'lth normal eyes and no increase in body 
her menstrual flow has been excessive at tunes, and four basal metabolism tes 
yielded rates betw'een minus 17 and minus 28 
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This small senes offers further evidence that preopeiative preparation 
with iodine and subtotal thyroidectomy constitute the most satisfactory treat- 
ment of hyperthyroidism in children No child so ti eated, even after an interval 
of many years, has s)anptonis of either hyperthyroidism or myxedema One 
child reacted unfavorably to piopyl thiouracil used preoperatively , another, 
w hose h}T)erthyroid S3miptoms responded to thiouracil has since become myx- 
edematous and has mensti ual difficulties The results of treatment in this series 
are in geneial agieement with those of moie extensive senes m the literature 
and justify the opinion, which I hold, that subtotal thyi oidectomy preceded 
by administration of iodine is the safest and most successful procedure for 
hyperthyioidisin in children 
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Discussion — Dr Richard B CATrni, Boston Doctor Lyons was kind enough to 
send me his paper in wdiich I was very much interested He has raised a number of points 
with which I ha\e only minor disagreement In the first place, we might quote the 
incidence of hyperthyroidism in children in a little different way He quoted it as 0001 
per cent of all admissions to the Clnldren’s Hospital In our clinic, of all patients coming 
to us with hyperthyroidism, approximatelv i per cent are children 13 years of age or 
younger It is quite important, I think, m quoting senes, to he sure that the age limitation 
is quoted, because the incidence at age 14 and 15 is considerably above that 

I reported our cases from tlie Laliey Clinic in 1933, and Doctor Hurxthal of our 
medical department told me recently that we had had somewhat in excess of 150 of these 
patients under 13 years of age before 1943 Since that time, as you know, Astwood intro- 
duced the use of the antithyroid drugs, and Doctor Bartels has recently review'ed our 
first series of 1000 patients with liyperth\ roidism prepared w'lth these antithvroid drugs, 
betw'een May, 1943, and October, 1947 (the number now is in excess of 1500) During 
this time there weic 12 patients in 1000 who were 13 >ears of age or jounger with h>per- 
th>roidism Doctor Ljons has called attention to the fact that nowhere in the literature 
IS there a report of a patient with li> perthvroidism without hyperplastic or exophthalmic 
goiter We ha\e one such patient, preMousIj reported bj Doctor Bartels, a child born a 
cretin w'lth a nodular goiter who, at the age of 9, de\ eloped hyperthyroidism and now' is in 
total myxedema controlled bj thyroid extract 

The diagnosis of hyperthyroidism in children is the same as in adults, and all we 
need do is think of the diagnosis as a possibility in children But may I call attention to 
one feature w'hicli is frequently missed in consideration of this problem, that is, the 
lem of grow'th In most papers on this subject the question is raised of leaving enoug 
thyroid to make possible normal grow’th , but we must not forget the fact tiiat in t le 
presence of hyperthi roidism the rate of grow’th bctw'een the ages of 9 to 13 is tw’o to 
three times that in the normal individual If you wish to treat patients w'lth hypert y 
roidism during this age period bj conservative medical measures you w’lll have some 
“giants” in the familj that you would not otherwise have had This question o growti, 
and rapid grow’th, particularly the closing of the ossification centers at an early perio , is 
an important consideration 111 deciding w’hcther to treat them medically or surgica y 
Of our first 150 patients, only one died — that w’as a first stage operation more t an 
20 years ago — and I believe the reason for the low’ mortality w’as Doctor Lahey s insistenc^ 
that stage operations be done That problem has now’ changed, and in this w’C 
somewhat with Doctor Lyons’ conclusions He has said there are three reasons or^^^ 
use of iodine and subtotal thyroidectomy, good response, more rapid response an 
To be sure, the use of propylthiouracil is dangerous unless carefully contro e 
incidence of reactions to this drug in our cases as reported by Doctor Bartels ^ ^ 
cent Seven of our 12 patients were prepared w’lth thiouracil, and 5 propy 
but there were no reactions in this group j 

I would like to point out that those chiidien prepared w'lth iodine alone 
pulse rates that are alarming, they perspire freely and use a large amount o 
Why not utilize this drug that has been well demonstrated to reduce the toxici y 
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patient to a nontoxic state, so that subtotal thyroidectomy can then be performed with 
the greatest of safety^ The 12 patients I am reporting were operated upon without 
mortality 

Dr T C Davison, Atlanta This to me is a most interesting subject, as I have had 
some experience with children with hyperthyroidism I wish to present a case on which, 
fortunately, I have pi esen ed the stages of the child’s development in photographs 

Slide No I shows a child aged 7, with marked exophthalmos and a small goiter 
This child was seen by me when I was m the home to see the mother who had gallstone 
colic At first glance I said to the mother — “Your child has a goiter ’’ She said, “Yes, I 
know she has ’’ She w'as under treatment by a prominent pediatrician whom she men- 
tioi ed I should have stopped there, but I asked w'hat w’as being done for her He w'as 
giving her iodine, and I asked how' much “Five drops, three times a day” “How' long 
has she been taking it^’’ “A j’ear and a half” “When did he see her last^” He had 
seen her only once and failed to tell the mother to bring her back to see him or to tell her 
w'hen to stop the treatment 

I think this child’s hyperthyroidism, and the hyperplastic thyroid gland, w'as due to 
too much iodine o\ er a too long period of time I think this w'ould come under the head of 
“the use and abuse of iodine ” This child probably had a congenital goiter, I do not know 
W'hat type, but when I saw' her she had a typical hyperplastic hyperthyroidism with 
exophthalmos , she w-as nervous, couldn't sit still, and the teacher had sent her home from 
school because she w'as too nervous to be m school 

After I had operated on the mother for gallstones, I took the child m hand She was 
a typical hyperthyroid w'lth a pulse of 140-}- This graphic chart which is dated 1922 — 26 
jears ago when the child was 7 — shows the basal metabolism to be +40, she couldn’t sit 
still and she acted like a bug on a hot stove I stopped the iodine for three months and 
then started her back on it again to reduce her toxicity Iodine w'as the only antithyroid 
available at tliat time as we did not have the thiouracil drugs then I then operated and 
removed w'hat I considered to be approximately 75 per cent of the hypertrophied, hyper- 
plastic thyroid gland This is very important, gentlemen, do not ever remove too much 
thyroid gland m a grow'ing child The thyroid gland is necessary for growth, and 
remember that this child’s gland had been stimulated by too much iodine over a too long 
period of time, whipping it up and fanning it into a flame resulting m a hyperplasia and 
thyroid toxemia I left w'hat I estimated to be 25 per cent of the gland and this next slide 
show’s the child six months after operation I believe that portion of the gland which I left 
underwent atrophy and the child gradually became myxedemic Now, looking at this 
picture w’e can see slight evidence of beginning myxedema, but I did not detect it at that 
time She had just passed her eighth birthday, she looked pretty well, and the family was 
apparently happy w'lth the result I lost sight of her for several years, or until she sus- 
tained a fracture of the leg and I w’as called to see her, and I received a real shock to see 
such a change in the child 

This next slide show's a typical picture of myxedema You would hardly believe this 
W'as the same little girl show'n m the previous pictures Notice the full round face Avith no 
expression, the coarse straight hair, the dry skin, and the thick neck like a Jersey bull’s 
neck She w'as not doing w'ell in school She had grown very little in height, but had 
become very fat, and the family thought it perfectly natural for her to be this way I was 
distressed and, after treating the fractured leg, I made an agreement with the mother that 
if she w’ould bring the child to my office once a month for the next several years I would 
make no charge for it 

I put her on thyroid extract and this next slide show's the child one year later In one 
j ear’s time she gamed five inches in height, lost 19 pounds m w’eight, developed secondary 
sex characteristics, began menstruating and passed tw'o grades m school m one year 
I may have underestimated the quantity, but I W'as sure that I had left 25 per cent of the 
gland, but I did not count on that portion of the gland which was left undergoing atrophy 
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In treating adults for exophtlialmic goiter I frequently remove the entire gland, as an 
adult needs very little thyroid tissue and can usually do without any, and we seldom see 
myxedema develop We often see myxedema in individuals who have never had thyroid 
surgery 

I have operated on other children for hyperthyroidism and left approximately 25 per 
cent of the gland, and in some cases the child either did not fully recover from the symp- 
toms or shortly thereafter developed recurrence of symptoms In a true case of hyper- 
thyroidism the entire gland is involved and when you leave 10 or 25 per cent of the gland 
you have left the patient just that much hyiicrplastic tissue and you are almost certain to 
have a recurrence of symptoms 

I have recently operated on one patient the second time, after a period of four years 
I had operated the first time when she was 12, leaving approximately 25 per cent of the 
gland, she never fully recovered and I had given her thiouracil for a year and then lost 
sight of her Her physician sent her back to me when she was i 6 j 4 , with recurrence of 
all her symptoms, marked tachycardia, an enlarged heart with decompensation, she was 
so ill that she could not attend school After proper preparation I did a total thyroidectomy 

This last slide shows the first patient as a young lady, now grown, and you will notice 
from the ring on her finger that she is married, and she now has a child of her own 


Dr Frank H Laui y, Boston I would not inflict two people from the same clinic 
on you if I did not want to bring something to you which I think is of value in the 
problem of managing patients with hyperthyroidism with the antithyroid drugs We are 
going to have to use these antithyroid agents on children as well as on adults, and in 
children as well as in adults there will be a group of patients who are sensitive to these 
agents For this reason I wish to review our experience with alternate drugs in patients 
who are sensitive to any one of the antithyroid agents 

We now have in the clinic five agents available to bring the metabolism to normal in 
patients with hyperthyroidism We have thiouracil m 600 mg doses, we have propyl- 
thiouracil in 200 mg doses for primary' hy’perthy roidism and 300 mg doses for toxic 
adenoma, we have methylthiouracil in the same doses, we have aminothiazole with a dose 
of 600 mg , and we now have another antithy roid agent which has not been used much as 
yet,'that is 2-mercapto imidazol We do not as y'et have enough data on methylthiouraci 
or on aminothiazole and, certainly, almost no data as y'et on 2-mercapto imidazol, as to 
what the incidence of complications is or what the effectiveness is We have a large 
amount of data available on the complications with thiouracil and with propylthiouraci , 
and we are trying, in the large material vve have at hand, to find out what the complication 
figures are with these various groups 

We have now had something over 1500 consecutive patients with hyperthyroi isn^ 
either of primary or secondary variety, and have employed all these agents in prepariUo 
this group for subtotal thyroidectomy Most of our experience has been with thiouraci , 
propylthiouracil and not methylthiouracil 

We have learned that if a patient is sensitive to thiouracil vve can often c ° 
propylthiouracil, to which he may not be sensitive, and complete the reduction 0 
metabolism to normal , that if he is sensitive to propylthiouracil vve can change to me ly ^ 
thiouracil and reduce the metabolism , that if he is sensitive to all three vve can use 
thiazole I wish to report a lecent case in which the patient was sensitive to ^ 
propylthiouracil, methylthiouracil and aminothiazole, in whom vve were able to rino 


metabolism to normal with 2-mercapto imidazol j 

Doctor Bartels, who has charge of the preparation of these patients, has yj. 

from outs’de sources two reports of fatalities from agranulocytosis with the use 0 pr^ 
thiouracil It is important to bring this danger before the public, because t ere 
general an attitude that it is not possible to produce agranulocytosis of a 
with propylthiouracil I would like to stress again that any agent that wi 
metabolism is capable of depressing bone marrow in certain cases, and that preca 
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white cell counts must be done, we believe, m all cases I believe also that I should call 
attention to the fact that if the white cell count drops to 4,500 and the differential to 45 
per cent, it is time to stop We know that at whatever point it stops it will still progress 
downward, and we prefer to stop in time rather than when the differential has been 
reduced to 25 per cent and the white cell count to 2,500, and then see both progress to zero 

Finally, I would like to lemiiid you about our experience with the use of the anti- 
thyroid agents in children, which we have published, and m which we said that the full 
doses that you give adults may be given to children, and that they may be treated on the 
same basis as are adults 

Dr John H Lyons, Washington (closing) I just want to say that the age limit 
at Children’s Hospital is 12, which may account for the low incidence among the admis- 
sions And I want to thank Doctor Cattell, Doctor Davison, and Doctor Lahey for their 
discussions 
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TnYROGLOSsAL cYSis ciiicl thcir associated sinuses or fistulas constitute one 
of the most frequent pathologic conditions encountered in the neck In a stud} 
of patients with the various tumors, cysts and sinuses of the neck, excluding 
lymph-node enlaigements, seen m the Lahey Clinic o\er a number of years, 
thyroglossal cysts and sinuses constituted 40 per cent of this group We have 
opeiated on 348 patients with cysts or sinuses arising from the vestigial rem- 
nants of the th} roglossal ti act, w Inch passes from the foramen cecum at the base 
of the tongue to the isthmus of the thyroid gland We have been able to follow 
310 of this group of 34S patients who have been treated surgically, and tins 
report comprises a stud} of these 310 cases 

The thyroid gland is developed fiom a median diverticulum which appears 
about the fourth week in embr\o on the summit of the tubercuhim impar, which 
soon after foims an imagination of the buccal epithelium just behind the 
tubeiculum impar This thyroid invagination passes down the neck, and its 
lower portion gives rise to the thyioid gland The upper end may remain 
patent , it opens at the foramen cecum and is lined w ith pavement cells The 
middle portion of the tract usually ati opines but may persist as a canal lined by 
columnar 01 ciliated epithelium , occasionally the epithelium may be squamous 
The upper part of the tract, if it remains patent, forms the lingual duct, wdiile 
the lowei portion from the thyroid isthmus to the hyoid bone forms the tluroid 
duct Tow'ard the latter half of the second month of embr}0 life, the developing 
hyoid bone divides the thyroglossal tiact into these uppei and lower portions 
Usually this tract atrophies and disappears at the end of the^ eighth week 
Isolated rests of cells may persist along this ti act and may gn e rise to a tumor 
which has the structure of the tlnroid gland and w'hich may present at the 
foramen cecum as in lingual thyroid, of which we have had three, or form 
cystic cavities lined wath columnai epithelium and often containing thyroi 
follicles in the w^all Ewung^ has stated that the th^ roglossal tract, w'len 
squamous-cell epithelium is present, is a rare source of dermoid cyst We ha^e 
had several such dermoid cysts arising in the thyroglossal tract in this senes 
Ewing fuither stated that dermoid cysts in the middle of the tongue are pro 
ably derived from portions of the thyroglossal duct Thyroglossal cysts eie 
oping m this tract may have an external opening in the neck either from spo 
taneous rupture or following incision and di ainag e of an abscess, thus o rm^ 

* Read before the Southern Surgical Association, White Sulphur Springs 
December 7, 1948 
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a tltyroglossal sinus, or may even produce a fistula if there is open communica- 
tion at the foramen cecum 

The thyroglossal tract is firmly adherent to the hyoid bone and it is this 
adherence or involvement of the hyoid bone that malces it necessary to remove 
the central portion of the hyoid bone to prevent recurrence of the condition 
There are seveial theoiies as to the involvement of the hyoid bone Ewing and 
Fraser- stated that the thyroglossal tract passes down m front of the hyoid bone 
but IS adherent to it Sir Arthur Keith^ believes that the hyoid bone develops 
in the course of, and interrupts the continuity of, the thyroglossal tiact, so that 
the position of the thyroglossal duct may vary in relation to tlie hyoid bone 

A thyroglossal C3fst or sinus may be found at any level in the midline of the 
neck from the foramen cecum to the suprasternal notch, but the majority occur 




ACE AT WHICH THYROGLOSSAU CYST OR SINUS 
APPEARED IN 310 CASES 


AGE AT WHICH OPERATION WAS DONE 
FOR THYROGLOSSAL CYST OR SINUS IN 510 CASES 


Fig I 


Fig 2 


just below the hyoid bone Of 310 operated cases followed, 61 occurred above 
the hyoid bone It is also true that most cysts and sinuses occur in the midline, 
but It is well to remember also, as Bailey'* has emphasized, that cysts at the level 
of the thyroid cartilage may be situated to the left of the midline He has 
pointed out that the levator glandulae thyroideae m the majority of cases is 
found on the left side of the cartilage and one may, therefore, expect a cyst 
developing at this level to be on the left side of the neck 

Thyroglossal fistula or sinus is very rarely a congenital condition Sir John 
Bland-Sutton® believes that they are never congenital Bailey stated that n^ 
review of 32 cases he found only two fistulas present at birth In this senes of 
310 cases, of which 93 (30 per cent) were sinuses, we found no record of any 
sinus noted at birth Most sinuses develop from spontaneous rupture or incision 
of an abscess resulting from inflammation arising in the cyst 

Gross and Connerly,** m a report of 198 cases, stated that 15 per cent were 
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sinuses liiit did not lecord if any of the sinuses could be classified as strictly 
congenital Gross and Connerly repoi ted that 29 per cent of their thyroglossal 
cysts weie piesent at birth and 76 per cent were noted before the sixth year, but 
as their study was made fi om material in a large children’s hospital, one m ould 
expect a high pei centage of these to show symptoms m early childhood In our 
series of 310 opeiated cases, 28 patients, or 9 per cent, had cysts \\hich ^\ere 
fii si noted in infancy (less than one year) and 1 1 1, or 37 per cent, had symptoms 
before the age of 10 years, m contrast to Gioss’ series, 684 per cent in this 
senes first noted symiptoms befoie the age of 30 (Fig i) Our hospital admis- 
sions, on the othei hand, are largely adults rather than children Thyroglossal 
cysts or sinuses, as it appeals fiom this study, may make their first appearance 
at any age 

Patients with thyroglossal cy'sts and sinuses may be seen for treatment at 
anyf age In the largest gioup in this series, houever, the cysts occurred helore 


TAnir I — Scr Diitnbutwii 


Lalicj Clinic 

Pemberton 




Senes 

Senes 



Cases 

Per Cent 

Per Cent 


rcmilcs 

173 

56 

33 8 


Males 

■^137 

44 

66 2 


Total 

310 





the age of 41 yeai s (227 of 310, 01 73 2 per cent , Fig 2) The patient may not 
come to the physician foi treatment until some months or even years after , onlv 
4^ (15 5 cent) came for tieatment before the age of 10 years, whereas 5 ^ 
per cent had surgical ti eatment before the age of 30 y eai s It is of interest, how - 
ever, that these embry'ologic tracts will remain quiescent in the neck for years 
and then suddenly give evidence of their piesence by forming a cyst, tins 
development of fluid may' be evidence of irritative phenomena, probably inflam 
mation, which may' well account for the sudden development of a cy'st T at 
inflammatory changes do aiise frequently' is illustrated by' the fact that approxi 
mately 50 per cent of patients give a definite history of inflammation be ore 
coming for treatment Apparently' these tracts 01 the epithelial cells linm,, 
them do not take on new growth or truly' become neoplastic, and if this were 
true, one should more frequently' see malignant disease developing in ties 
tracts We have had only one case of carcinoma developing in a thyrog ossa 
tract in 310 operated cases 

Thyroglossal cysts or sinuses appaiently are slightly' more common i 
females than in males In our series of 310 patients there were i 73 
(56 per cent) to 137 males (44 per cent. Table I) One would expect a p 
ponderance of females since thy'roid disease is more common m w'omen^ la 
men This is exactly' the proportion of males and females noted m Gross se 
However, Pemberton"^ repoi ted a marked difference m 293 operate case , 
percentages being 66 2 males to 33 8 females (Table I) 
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Our oldest patient was 75 yeais of age and there were 15 patients over 
the age of 61 yeais It is piobably not significant that only one patient was 
operated on during the first year of age, as our hospital adnussions rarely 
include infants How ever, if the cyst is small and does not enlarge 01 is sub- 
jected to recurring inflammation, it is probably wise to postpone operation until 
the child IS older It is probable that most of these patients will subsequently 
need radical removal 

The diagnosis of thyioglossal cyst is not difficult The piesence of a firm 
cystic tumor in the midline of the neck at the level of the hyoid bone or ovei 
the thy 1 Old cartilage is usually suffi- 
cient, to make the diagnosis Tiansil- 
lummation is of little use as few cysts 
are translucent The complication of 
infection or drainage in a th3woglossal 
cyst ma)^ be confused with tuberculous 
pretracheal gland but these are rela- 
tively rare todaj'’ and diagnosis must 
be established b)'' pathologic section 
Elevation of the tumor mass by sival- 
lowmg or protrusion of the tongue 
ivill help to make the diagnosis, and 
this sign IS of value m distinguishing 
It from a true sequesti ation dermoid 
cyst occurring in the midline Bianch- 
lal cysts are lateral, occur under the 
sternohyoid muscles and usually de- 
velop later m life than do the thyro- 
glossal cysts Lipomas can be distin- 
guished by the distinct edge and lobu- 
lation of the tumor, ivhereas the thyro- 
glossal cyst is round and tense with- 
out edge and lobulation 

The successful treatment of thyro- 
glossal cysts and sinuses, as Sistrunk 
pointed out in 1920. is the lemoval of 
every trace of the thyroglossal tract up 
to the foramen cecum at the base of the tongue (Fig 3 ) Sistrunk® earljr real- 
ized that the majority of operations for cure were unsuccessful because this epi- 
thelial tract running from the cyst or sinus to the foramen cecum was not com- 
pletely removed Such radical removal should include the central portion of the 
hjmid bone Schlange,*’ in 1893, and Durham,^® in 1894, excised this central 
part of the hyoid bone and dissected the tract up to the base of the tongue, but 
Sistrunk^i wentfurthei and advised a method that ivould make certain the com- 
plete excision of the tract to prevent recurrence The cj st and part of the tract 
below the h3''oid bone can be dissected readilj’' up to the hyoid bone but above 
this le\el the tiact is so small and tenuous that traction wall easily tear it off and 
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Fig 3 — Sagittal section of the neck, 
showing the relationship of the thyroglossal 
cj^st to the hyoid bone and the course of the 
thyroglossal tract above the hyoid to the for- 
amen cecum 
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identification and subsequent removal are impossible He made no attempt to 
isolate or identify the tract above the hyoid bone but advocated removal of all 
tissues m the com se of and about the duct , he stated “instead remove with duct 
all tissues surrounding it for 34 mch on all sides ” He suggested a “coring out 
of all tissue and muscle upward and backward to the foramen cecum m a line 
diawn at a 45 degree angle through the intersection of horizontal and perpen- 
dicular lines to the centei of the hyoid bone’’ (Fig 4) 

A transveise incision, 6 to 7 cm in length (Figs 5, 6 and 7) is made 
at the level of the hyoid bone or, if a sinus is piesent, an incision is made at the 

level of and about the sinus opening to 
permit excision of this area When a sinus 
IS present, its course may be outlined by 
injecting it with methylene blue However, 
infiltration of methylene blue into the tis- 
sues after the incision is made may instead 
interfere seriously with following the 
course of the sinus We liaAC rarely used 
it and in most cases have found it to be 
unnecessary The skin, subcutaneous tis- 
sue and platysma muscles are reflected, the 
sternohyoid muscles are separated in the 
miclline, exposing the cyst, which is sep- 
arated posteriorly from the thyrohyoid 
membrane up to the hyoid bone, which is 
cleared of muscles, and a central portion, 

I cm in length, is divided by bone forceps and elevated with the cyst (Fig 5) 
A “coring out of tissues ’ is made to include a portion of the median raphe of 
the hylohyoid and a portion of the geniohymicl and genioglossus muscles up to 
the foramen cecum (Fig 6 ) The line of dissection can be made easier by plac- 
ing the index finger of the left hand in the patient’s mouth and pushing the pa- 
tient’s tongue at the foramen cecum upward and forward (Fig 8 ) If anesthesia 
is induced through a closed S3'stem by an endotracheal catheter, the anesthetist 
instead of the suigeon ma}'- identify the position of the foramen cecum and ele- 
vate the tongue with his index finger The position of the anesthetist s finger 
can easily be identified by the surgeon thiough the muscles of the floor of the 
mouth , thus contamination is avoided and the use of the surgeon’s two hands is 
permitted to complete the dissection more easily As both Sistrunk and Pem- 
berton have pointed out, we have seen no difficulty arise from removal of the 
central segment of the hyoid bone 

In most cases it is not necessary^ to cairy the dissection into the mouth an 
the dissection can be stopped before dividing the mucosa at the foramen cecum 
No harm is caused, however, by the dissection entering the mouth The muscles 
are brought together with fine plain catgait and the cut ends of the hyoid boi^ 
are approximated by sutures m the muscles and tissue adherent to the bone 
small rubber tissue dram is placed between the muscles at the level of the hyoi 
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Fig 4 — Sagittal section of the 
tongue, showing the course of the 
tliyroglossal tract from the h\ oicl bone 
to the foramen cecum (taken from 
Sistrunk) 
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bone and brought out between the sternohyoid muscles and skin incision, which 
IS approximated with sutures of fine silk (Fig 7) 

Cauterizing agents and sclerosing fluids are of no value in the eradication 
of thyroglossal cysts and sinuses It is difficult to see how such agents can 
penetiate all the epithehal-lmed tracts constituting the vestigial remnants of a 
persistent thyroglossal duct These agents may make later radical removal a 



Fig S — Operative technic {Insert) The lei el of incision, (a) reflection 
of skin, subcutaneous fat and platysma exposing sternoh3"oid muscles , (b) 
exposure of thyroglossal cyst and hyoid bone, (c) dissection of cyst from 
thyrohyoid membrane, (d) excision of central part of the hj^id bone 


more difficult technical procedure Many of the patients in this group of 310 
cases had had previous operations with recurrence, iio patients (355 pei 
cent) had been operated on elsewhere befoie admission, 34 had had incision 
and drainage, 52 had had attempts at excision which did not include remotal 

of part of the hyoid bone and 24 other patients had had multiple operations 
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one patient had as many as six unsuccessful attempts at extirpation of the thyro- 
glossal cyst (Table II) 

Inflammation occurs frequently in thyroglossal cysts, and approximately 50 
per cent of the patients gave a previous histoi y of redness and soreness over the 



Fig 6 — Opcratne tcchnic Anteroposterior view of 
dissection of thyroglossal tract , the c\ st has been dissected 
free from the thyroid cartilage and the thyrohyoid mem- 
brane, the central part of the hj'oid bone has been excised 
and the tract with the core of muscles — mj lohyoid, genio- 
hyoid and genioglossus — is excised through the tongue to 
the foramen cecum 


Table II — Previous Operation in 310 Patients 

Incision and drainage 
Excision 

Multiple operations 

110 35 5 per cent 


cyst If inflammatory reaction is marked and has progressed to suppuration, 
it is much safer to make an incision, drain the cyst and postpone ladica re 
moval until all inflammation has subsided In this series of 31*^ patients, 
incision and drainage was necessary in 15 cases before radical reinova 0 
cyst and the thyioglossal tract could be carried out 
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With an occasional exception, the radical operation has not been made more 
difficult by previous surgical interference inasmuch as the previous operation 
has almost without exception been done without attempts at removal of the 
hyoid bone, so that the more difficult part of the extirpation, that is, removal 
of the cential pait of the hyoid bone and the tract above the bone, has not been 
interfered with In these cases the dissection above the bone can be carried out 
as readily as m the primanly opeiated cases 


Tabie III — Recunence After Radical Removal 



Cases 

Recurrence 

Cases Per Cent 

Previous operation 

110 

1 

0 9 

No previous operation 

200 

3 

1 5 

Total 

310 

4 

1 3 



Fig 7 — Operative technic (a) Approximation of the muscles of the 
tongue and the hyoid bone, (b) suture of sternohyoid muscles with a dram 
placed deep to the muscles of the tongue 


In our experience, recuirences are related to nonremoval of the central 
portion of the hjoid bone and the tract above the bone We have had four 
recurrences in 310 operations and in each instance the lecurrence took place in 
cases in which the hyoid bone or the tract above the h3^oid was not removed 
We have had no recurrences when a thorough radical operation w'as carried out 
(Table III) One must emphasize the fact that radical and complete operation 
must be done even w^hen involvement of the hyoid bone with the cyst or 
tract IS not apparent to the operatoi if recurrences are to be avoided Wo. have 
been concerned wnth the problem of malignant disease developing m a thyro- 
glossal cyst or ti act How evei , w e liaA-^e had only one such instance of an adeno- 
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carcinoma arising in a thyioglossal cyst which, after radical removal, has not 
recurred after 17 years Malignant degeneration appai ently is quite uncommon 
and no mention is made of it in the hteratuie on this subject 

SUMiM\RY 

Thyioglossal cysts, sinuses or fistulas constitute one of the most common 
congenital anomalies arising m the neck and occur m the midhne of the neck 



Fig 8 — Sagittal section of tlie neck, showing the course 
of dissection of the thyroglossal tract , the finger in the mouth 
indicates the position of the foramen cecum 


at any level from the base of the tongue downward to the suprasternal note 1 
Cysts are found more commonly below the hyoid bone than above it 

Three hundred and forty-eight patients have been operated on m tins c imc 
for thyroglossal ducts and sinuses A report of their occurrence and the resu s 
obtained in 310 operated cases is given . 

Successful treatment of this condition is dependent upon complete remova 
of the entire thyroglossal tract, which must include excision of the centra pa 
of the hyoid bone plus the tract extending above the hyoid to the foramen cecum 
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Theie have been foui recuirences following opeiation m 310 cases All of 
these recun ences wei e related to nonremoval of the hyoid bone and tract above 
the bone 
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Disco ssioN — Dr William H Prioleau, Charleston, S C Needless to say, I am 
in thorough agreement with Doctor Marshall’s able presentation of this subject I rise 
only to point out one technical pioccdure which I have found of advantage on several 
occasions 

In some cases the thyroglossal duct tract extends too low to permit its satisfactory 
removal through the incision outlined In such cases a second, or even a third horizontal 
incision placed mferiorly to the fiist will permit its removal m a stepladder fashion and 
avoid the unsightly scar from a vertical incision 

Dr S F Marshall, Boston (closing) I would like to thank Doctor Pnoleau for 
emphasizing the importance of variation of the incision, and if a sinus is present of course 
the incision has to be adapted to the level of the sinus, which also applies to the level of 
the cj^st I would like to reemphasize the great importance of removing the entire tract 
even in the face of no apparent adherence or involvement of the hvoid bone If we cannot 
find involvement of bone or extension of the tract above the hyoid bone, it should be 
removed anyway because the tract may be so small that we cannot see it Certamlj 
the four recurrent cases that we had, ha\e been related to this in tw'o cases, and m 
the other twm the fact that the tract could not be made out to invoke the bone influenced 
the surgeon against removal of the central part of bone 
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In the extensive liteuaiure dealing vith parotid fistula and delayed 
1 econstruction of the severed parotid duct there aie frequent references to the 
distressing situation of the patient who must contend ivith copious fistulous 
discliarge of saliva The notoi lous difficulty of successful repair of fistulae or 
of delayed reconstiuction of the duct is attested to by the number and variety 
of corrective pi ocedures wdiich have been suggested In a situation 

111 ivhich successful primaiy repair seems so desirable, it is surprising that so 
few such repairs have been leported There are only'- nine reported instances 
of successful repan in which any' details are given as to technic or outcome 
In 1916 Schmieden^ repoited the primary suture of a severed parotid duct 
and stated that he had successfully undertaken a similar repair on a former 
occasion Both operations w'ere performed on the battlefield The account is 
fiagmentaiy and is not accompanied by any details of technic or information 
as to eventual outcome This is thought to be the first record of an attempt at 
primary repaii of the paiotid duct 

The fiist detailed account of such a procediue was contributed by Tees- 
in 1926 in a report of two cases of successful pnmaiy^ repair In each instance 
anastomosis was accomplished ovei a segment of stiff number one catgut, 
tw'o fine catgut sutures w ei e used to maintain the ends of the duct in apposition 
In the fii st case the catgut dow'el w'lthin the lumen of the duct w'as allowed to 
pioject into the mouth In the second case the catgut dow'el w'as short enougli 
to be contained entirely w'lthin the duct, since it w as felt that the catgut w'ould 
undeigo digestion No follow'-up w'as given 

The repoit of Tees is the only' one which deals w'lth more than a single case 
Seven authors have each lecorded one instance of successful repair 

Dickinson^ in 1920 used double-zero chromic catgut to suture the severed 
duct ovei a length of silkw'orm gut which projected into the mouth and w'as 
sutured to the 01 al mucosa just beyond the ostium of the duct A gauze drain 
W'as placed in the w'ound The silkw'orm gut inadvertently' came out on the 
second day An extei nal fistula became apparent on the tenth day' but closed 
after one month, and the patient appealed w'ell after six months 

Black and Flagged in 1928 passed a uieteral catheter through the mouti 
into the tw'o segments of the duct and approximated the severed ends w'lti 
chromic zero catgut One inch of the catheter Avas allowed to project mtra 
01 ally The patient Avas maintained on a liquid diet for seven days and on t le 
ninth day the catheter w'as removed Subsequen tly' a small collection of 

* From the Department of Surgery, SoutliAvestern Medical College, and the Parklan 
City-County Hospital ^ 
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\\as aspirated from the cheek on several occasions At frequent mteivals over 
a period of several weeks the duct was catheterized in the hope that stricture 
at the site of anastomosis might thereby be prevented Six months after injury 
there n as no evidence of difficulty 

In a very brief account m 1934 HilF described the repair of a severed 
parotid duct wntli three equidistant sutures of double-zero plain catgut A lac- 
eration m the parotid gland was repaired with the same material and a small 
rubber drain bi ought out one angle of the wound A small salivary fistula per- 
sisted for ten daj s After t\\ o months the wound remained healed and saliva 
could be seen emerging fiom the ostium of the duct The omission of any type 
of dowel or intraluminal fixation m this procedure is notable 

In 1935 Brohm and Bird® laid emphasis upon the importance of the dowel, 
but stated that it should not be large enough to occlude the lumen, since the 
saliva could better drain around than through it They state “The only 
feature that appears to offer any difficulty is the matter of fixation of the 
dowel ” In the case reported by them the duct was anastomosed ^\ itli inter- 
rupted fine silk ovei a filiform urethial bougie which, after emerging from the 
ostium of the duct, was brought out through the cheek and sutured to the skin 
at its point of exit The filiform bougie was removed after seven days Primary 
healing was attained Cleai flow of saliva and absence of swelling of the dieek 
were observed ovei a period of five months The authors directed attention to 
a technic described by Butler and Guinan'^' in a report of a secondary repair 
wherein an inlying ureteral catheter was anchored to the canine tooth of the 
upper jaw It w^as suggested that the small lange of to-and-fro movement of 
the catheter attendant upon opening and closing the jaw' might be advantageous 

Christofferson, Ajalet and Gradman,® in 1943, anastomosed the cut ends of 
the duct wnth inteirupted fine silk sutures over a single strand of horsehair, 
which w^as taped with adhesive to the angle of the mouth The dow^el w'as 
removed on the seventh day The wound healed by first intention and sahvar}^ 
secretion was noted from the second day Convalescence w'as uncomplicated 
through a period of 80 days 

In 1945 Wallace® employed a technic similar to that of Dickinson,® wuth 
anastomosis over a stiand of silkworm gut which w'as sutured to the oral 
mucosa Sutures of interrupted cotton were used to approximate the duct 
The silkworm gut was removed after seven days Tw^o weeks after injury the 
wmuiid w^as healed and theie was no sw'elling of the cheek 

In 1947 Goodall and Flanders^® brought the total number of reported cases 
to nine in an account of successful repair of the duct over a ureteral catheter 
Interrupted sutures of fine black silk w'ere used to approximate the duct The 
catheter w as secui ed to the low er lip w ith tape and w as left in place until the 
fifth day, duiins: which the patient was allowed nothing In month The wound 
healed without drainage and sain an secretion from the ostnrn was obsened 
on the se\enth day A. sialogram performed six months after in]ur\ showed the 
duct to be patent and disclosed no e\ idence of stricture This is the onh record 
up to that time in which sialography has been einplojed to establish proof of 
successful prnnar} repair 
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\NATOAn 

The paiotid duct is most liable to injury as it traverses the surface of the 
masseter muscle (Fig i) 

Anatomic diawmgs commonly show an accessory mass of parotid tissue 
surrounding the duct m its masseteric portion McCormack, Cauldvvell and 
Anson*“ weie able to demonstrate such masses m only 19 7 per cent of anatomic 
dissections (15 of 76 cases) In three specimens double ducts w'ere noted which 
united w'lthin tw'o centimeters of the anteiior bolder of the gland 

CA<3E REPOnTS 

Three cases of severed parotid duct w'ere admitted to Parkland City-County 
Hospital betw'een February 25 and July 14, 1948 Detailed case reports follow^ 



Fig 1 — Anatomy of parotid duct 


Case 1 — L T, male, white, age 33 On Fcbruar\ 25, 194S, tlie patient was struc 
in the left cheek with the butt of a broken bottle and sustained an extensive irregu ar 
laceration in the shape of an inverted V The upper angle of the wound began over t e 
midportion of the zygoma One vertical limb extended down to a point just lateral to 
the angle of the mouth, and the other to the region of the midportion of the ramus o t e 
mandible IMost of the w'ound involved the entire thickness of the cheek and communi 
cated freely with the oral cavity There was lower facial paralysis The wound was 
bleeding profusely , 

Repair was begun approximately two hours after injury, and was accomp is le 
under local infiltration anesthesia with i per cent procaine Because of the loss ° °° 

into the oral cavity, the initial step consisted of closure of the oral mucous mem ran^ 
with interrupted fine cotton sutures The wound w^as then subjected to thoroug^ 
cleansing, and the principal source of bleeding, from the transverse facial artery, wa^ 
controlled The superficial division of the masseter muscle, w'hich w'as complete ^ 
in its tendinous portion, was repaired with mattress sutuies of cotton The dista 
the severed parotid duct was clearly exposed for two centimeters of its 
point of Its division was approximately one centimeter anterior to the parotid glan 
proximal end was identified by its profuse discharge of saliva A number five ure 
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catheter was threaded into the distal end of the duct and brought out into the mouth 
The butt end of the catheter was then cut on a bevel and introduced into the proximal end 
of the duct Anastomosis of the duct was accomplished over the catheter, employing an 
atraumatic suture of number six-zero eye silk Two initial interrupted sutures were placed 
opposite one another m the circumference of the duct and were subsequently used as guys 
Two small everting mattress sutures and four additional interrupted sutures completed 
the anastomosis No sutures weie allowed to penetrate the lumen of the duct The 
catheter was then withdrawn from the duct through the mouth The few fibers of the facial 
nerve wh ch could be identified were so small that no attempt could be made to repair 
them The wound margins were revised to accomplish the best possible cosmetic result, 
and the remaining layers were closed with interrupted fine cotton sutures 



Fig 2 (Case i) — Sialogram eight months after repair of parotid duct 
Approximate site of repair is indicated by arrow Apparent defect distally 
corresponds to point of passage of duct through buccinator muscle 


For a period of three days subsequent to the operation the patient was allowed onh 
liquids by mouth This restriction of diet was dictated by the laceration of the masseter 
tendon rather than b) the laceration of the duct Penicillin (50,000 units) was admin- 
istered every three hours for three daj’-s Saline mouth irashes were cmplojed at four- 
hour intervals An ice bag was applied to the cheek during the first day The initial 
diffuse sw'elhng of the cheek regressed rapidly after two dajs The wound underwent 
primal y healing The patient w'as dismissed from the hospital on the fourth da\, bj 
w'hich time a flow of saliva had been observed from the ostium of the duct 

Sialograms were performed on Jul} 14, 194S (four months after repair) and on 
No\ ember 3, 1948 (eight months after repair) On each occasion the duct was demon- 
strated to be patent, wuth no eiidence of stricture There has been progressive ro«tor- 
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ation of facial movement At the time of the last sialogram (Fig 2) residual facial 
paralysis was negligible 


Case 2 — F M , male, Negro, age 22 On June 4, 1948, the patient received a vertical, 
seven-centimeter knife wound of the left cheek situated over the midportion of the 
masseter muscle Lower facial paralysis w-as present, and there was profuse bleeding 
from the wound Because of the location and depth of the wound, an injury of the 
parotid duct was suspected Accordingly, while the patient w'as still in the emergency 
room, a number si\ ureteral catheter w'as introduced through the ostium of the left 
parotid duct, whereupon the tip of the catheter appeared m the wound After establish- 
ment of the diagnosis the catheter was wnthdrawm 

Repair w’as undertaken three hours after injury', employing infiltration anesthesia with 
I per cent procaine Bleeding from the transverse facial artery was controlled The 
parotid duct was severed over the midportion of the masseter muscle, the tendinous por- 
tion of which was also partly dnidcd Following thorough cleansing of the wound, the 
tendon of the masseter muscle wms repaired W'lth interrupted cotton sutures The ends of 
the dnided duct w'ere readily identified, and were each dissected free for a distance of 
about five millimeters Salivary secretion was obser\ed from the proximal end of the 
duct The butt end of a number four ureteral catheter was tlireaded into the proximal 
end of the duct and the tip passed through the distal end of the duct and recovered in 
the mouth Anastomosis of the duct w'as then performed over the catheter, using six 
interrupted sutures and two everting mattress sutures of number six-zero atraumatic eye 
silk (see Case i) None of the sutures penetrated the lumen of the duct Upon comple- 
tion of the anastomosis, the catheter was withdrawm through the mouth The few' fibers 
of the facial ncr\c w'hich w'cre seen were thought to be too fine to permit repair The 
w'ound W'as closed in layers w'lth internipted fine cotton sutures 

Follow'ing operation, the patient received 30,000 units of penicillin e^ery three hours 
and W'as given mouth w'ashes of dilute hydrogen peroxide He w'as placed on a regular 
diet within 12 hours after repair of the duct At no time was there significant swelling 
of the cheek The first attempt to examine the ostium of the duct ivas made on the 
third day, at which time the flow' of saliva could be observed readily Primary woun 
healing occurred and the skin sutures w'cre removed on the fourth day The patient was 
dismissed from the hospital on the fifth day' On the 14th dai, examination of the ostium 
of the duct again disclosed salivary secretion, and a sialogram demonstrated the patency 
of the duct This patient has subsequently' left the community and has been lost to 
further observation 


Case 3 — J W , male, Negro, age 25 On July 3 , 1948 , the patient was admitted 
in rmld shock His only' injury consisted of a deep laceration of the left face which egan 
just above the auricle and extended downw'ard to a point one centimeter lateral to t e 
angle of the mouth Satisfactory response was obtained to the administration o p 
and whole blood Repair w'as begun five 'hours after injury and w'as accomphs e y 
Dr Joseph M Cox* The parotid duct w'as severed over the midportion of the masse er 
muscle The duct was repaired over a number four ureteral catheter, the end o w ici 
projected into the mouth Tw'o everting mattress sutures of number six-zero atrauma ic 
eye silk were placed opposite one another m the circumference of the duct ^r^^ytiich 
mosis was completed by two continuous sutures of the same material, each o * 
traversed one-lhalf the circumference of the duct No sutures penetrated the lumen 
catheter was withdrawn from the mouth at the conclusion of the anastomosis 
smaller ducts from which saliva w'as exuding w'ere observed The distal segmen s 
these ducts w'ere not identified The proximal segments were ligated with cotton 
attempt at repair of facial nerve fibers was undertaken The wound was close 
with interrupted fine cotton sutures The anesthetic agent was i per cent procain 
local infiltration 

* Resident m Surgery, Parkland City-County Hospital, Dallas, Texas 
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Following opeiation, the patient was given saline mouth washes and 50,000 units of 
penicillin every three hours He was allowed to take a general diet on the morning 
following operation The wound underwent primar}’- healing On July 12, 1948 (ninth 
postoperative day) a sialogram was made and the patient was dismissed from the hospital 
He was seen again four months after injury, when sialography was repeated At 
each examination salivary secretion was observed to be coming from the orifice of the 
duct Beginning restoration of facial movement was apparent 

Both sialograms demonstrated patency of the duct, with questionable slight constric- 
tion at the site of anastomosis How ever, the fact that the duct was not dilated proximally 
provides evidence that any constriction which may have existed did not constitute func- 
tional obstruction 



Fig 3 (Case 3 ) — Sialogram four months after repair of parotid duct 

Double duct is visualized 


An additional feature of interest was disclosed by sialography A secondarj' duct, 
extending forivard from a point near the anastomosis, was demonstrated running parallel 
t 5 the major duct and joining it a short distance proximal to the ostium (Fig 3) This 
evidently corresponded to one of the proximal segments ligated at the time of operation 

DISCUSSION 

In discussing the problem of priinai}^ repair of the seveied parotid duct, 
Goodall and Flanders^*^ make the statement that “success of the procedure 
seems to have depended on the use of an inlying dowel firmly fixed in place at 
the time of eaily debiidement and on the anatomic structure of the duct which 
makes it suitable for suture ” It is probable that an additional factor is of 
salient importance in favoring a satisfactory' restoration of continuity' of tlie 
duct, to wit, the volume and pressure of the secretion of the parotid gland 
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Thus, the same factois \\hich tend to cieate a fistula m one situation may in 
more favorable circumstances tend to avert one by maintaining a large volume 
of flow along the lumen of the duct, even against mild degrees of obstruction 
If this hypothesis is tenable, it would constitute an argument not only m favor 
of omission of a dowel but also for feeding the patient (as was done in these 
three cases), or foi taking other measures to augment sahvar}' secretion, 
lather than attempting to suppiess it The expeiience of the three cases under 
consideration vould lead one to think that the importance of the dowel has 
received undue emphasis Indeed, the partial obstruction created by some of 
the larger agents which have been utilwed maj have contributed to the develop- 
ment of some of the tempoi ary fistulae which have followed attempts at repair 

Presumptive evidence of successful repair may be adduced from the follov- 
mg (i) absence of swelling of the cheek, (2) absence of external drainage, 
(3) demonstiation of snhvavy secretion fiom the onRce of the duct It nould 
be possible to aigue that the first two circumstances could be attained either by 
complete occlusion of the duct (with cessation of function of the gland) or b^ 
development of an internal fistula Moi cover, the appearance of salivary 
secretion at the duct orifice could conceivably occur from accessory parotid 
tissues situated distal to the point of division of the duct Incontrovertible 
evidence of the success of restoration of continuity of the duct can probablv be 
established only by sialography 

The experience m Case No 3 of the disco\er} of an accessory duct, 
although doubtless an extremely uncommon situation, constitutes an indication 
that the wound should be seal died for accessor)’' ducts or for the escape of 
additional saliva following repair of the major duct 


The pioblem of management of the associated facial nerve injur) is one 
wdnch merits special consideiation Seeley^® has stated "that while many cases 
of separate mjur)’ of the duct and facial neiwe exist it is more than likely 
that if parotid duct injury exists, peripheral nen’e injury is also present, and 
vice versa If a lacerating, penetrating, 01 avulsion injuiy involves the parotid 
duct, the buccal and z)^omatic bi anches of the facial nen’e w ill be involved 
One might add that the transverse facial artery is likely to be severed as ivell 


Regarding the management of the associated injury to the facial nen’e 
fibers, Seeley quotes Di Ti uman G Blocker^"^ to the effect that m maxillofacial 
mj lilies m World War II the peripheral facial neiwe branches nearly always 
regenerated spontaneous!)’ following injuiy at this level Doctor Blocker^"^ has 
reaffinned this view m a conversation w’lth the author Dr James Bairett 


Brow’n,!® m a pei sonal communication, has expressed the view’ that the anasto- 
mosis of fine components of the buccal and zygomatic branches of the facial 
nerve is not only unnecessar)’ m this region, but is haidly possible m view of 
their fine caliber He suggests the employment of a dnectional suture if ^ 
larger trimk presents itself, but feels that accurate layer apposition of tissue 
and clean healing probably favor regeneiation of small nerve components as 
much as anything else Definite facial wealcness was suffered b) the three 
patients here reported No attempt was made to repaii the seventh nerve com 
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ponents in any of them Facial weakness is now negligible in the patient 
who has been followed for eight months, and improvement in function is just 
becoming apparent m the patient who has been followed for four months 

There are many accounts of spontaneous healing of traumatic sahvarj^ 
fistulae It IS likely that spontaneous healing is more probable in injunes to 
the glandular substance than m those which sever the principal duct Even 
where the cieation of an internal fistula is feasible, the loss of the sphincter 
may give rise to severe ascending infection, as described by Newman and Sea- 
brook In an}^ case, the problems presented by salivary fistulae are frequently 
of such magnitude that successful primarj^ repair is highly desirable The sug- 
gested steps which maj'- be helpful in achieving successful primary repair are 
as follows 

1 Anastomosis of the severed duct over a ureteral catheter, the diameter 
of which corresponds to the diameter of the duct 

2 Employment of multiple fine sutures which do not penetiate the duct 
lumen 

3 Withdrawal of the cathetei at the conclusion of the anastomosis 

4 Inspection of the wound for accessory ducts which may become appar- 
ent aftei completion of the anastomosis 

5 The institution of a postoperative regime which favors continued 
secretor)'- activity of the gland 

6 Periodic dilation is not necessary for the prevention of stricture of the 
duct at the site of repair 


smiMARY 

The literature dealing with primary repair of the severed parotid duct has 
been reviewed To the nine cases heretofore reported three cases have been 
added Three functional end-to-end anastomoses of severed ducts were per- 
formed successfully Primary healing occurred The patency of the repaired 
ducts has been demonstrated by sialography Suggestions are made for 
operative and postoperative management 
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Discussion — Du Dikvl Hart, Durham, NCI should like to present a case of 
reconstruction of the duct which is somewhat related to this problem The patient had 
receiv'ed at v'erj' close range a gunshot wound through the side of his face, so that it 
destroyed all soft parts in a line from the angle of the mouth to the edge of the parotid 
gland He refused treatment as long as he could get his mouth open After cicatrization 
pulled the teeth together so tight that he could not open his mouth he sought surgical 
relief In closing the defect, we had the problem of reconstructing the parotid duct 
which had been destroyed A pedicle flap lined on both sides with epithelium was raised 
from the chest One of the epithelial surfaces was to line Ins mouth, the other to form the 
skin of the face Wc then dissected out the scar tissue so that the mouth could be 
opened widely Tlie duct wms cut off until it was free of cicatrization and was found 
to be somewhat dilated, due to partial obstruction A long flap of mucosa with enough 
tissue to give an adequate blood supply was cut folded back to place the mucous itiem- 
brane outside, and sutured m apposition with the severed end of the duct medially No 
sutures were placed m the lumen of the duct, but connective tissue was sutured to con- 
nective tissue so that the epithelium of the duct and the epithelium of mucous membrane 
were m apposition but not sutured We then cut the epithelium for lining the mouth in a 
tennis racquet shape, to fill the defect in the face and with a long prolongation to extend 
back to the duct This was placed to overlie the mucous membrane strip to the duct The 
connective tissues were sutured so as to keep these two epithelial strips in apposition The 
closure of the defect with the remainder of the tube flap was completed Healing was 
perfect 

The patient obtained full motion m the mandible but would never permit completion 
of the operation to give him the best cosmetic result at the angle of the mouth e 
followed him for four or five years, but he refused further surgery for cosmetic resu ts 
He had no trouble with the parotid gland 

Dr T G Blocker, Jr, Galveston I think Doctor Sparkman has used very good 
judgment in the treatment of the three cases he has reported We have used a sum ar 
method with stainless steel wire m anastomosing the parotid duct in a patient ^ 

on approximately eight hours after injury We left a dram in because of the possibi i } 
of contamination resulting from the length of time following injury The patient dev e ope 
a fistula postoperatively which, how’ever, healed spontaneously, and except for two episo es 
of swelling of the parotid gland within a year, both controlled by chemotherapy, e as 
remained perfectly all right 

In another instance which occurred m the Texas City disaster, the parotid *^*^''*’ 
severed near the entrance into the mouth This was recognized at the time and treated 
our usual method of handling large external fistulas of Stenson’s duct It vvas transp at 
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into the mouth, posterior to the mucosal laceration through a triangular mucosal flap — a 
verj" small one — and by blunt dissection the duct was put into the mouth, using the apex of 
the flap to place in a slit on one side of the duct to prevent a stricture This procedure 
worked very well in that particular instance 

With regard to facial palsj', I feel definitely that accurate approximation will allow 
a certain amount of regeneration of the peripheral fibers of the facial nerve In my 
experience there has always remained some lag of the muscles of the affected side of 
the face 

Dr E A Kitlow'ski, Baltimore I want to call attention to that facial lag In oui 
experience we have found that facial lag will be more or less noticeable depending on how 
much support one gives the muscles during regeneration of those nerves, and we have 
quite frequently used a small hook in the corner of the mouth, attached to a strap fastened 
to a head band wduch counter-pulls the muscles on the other side In other words, we 
o\ ercorrect wnth this apparatus, and W'e usuallj’’ have the patient w'ear it during the night , 
in the daytime it is not so necessary because the muscle wull not get sufficient damage 
during half the time to prevent its losing its elasticit}-^ In that w'ay w^e have been able 
to a\oid a permanent sag in these cases and w'e are reasonably sure that after the nerves 
legenerate theie wall be no deformiU 
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DISTENTION OF THE SUBARACHNOID SPACE WITH CEREBRO- 
SPINAL FLUID IN INFANTS, ENLARGEMENT OF THE 
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VND 

R M N CROsB"i , M D * 

Baltimorf, Md 

Ii IS TiiL I’UKPObL of tliis paper to segregate from a large group ot infants 
with increased inti acranial pressure clue to cerebrospinal-fluid excess, a specific 
group in which the clinical picture is sufificiently uniform to constitute a clin- 
ical entity, the salient features of which are (i) Ivo eased mUaaanwl 
p) essu) e, manifested by slow’, moderate enlargement of the head, separation of 
the cranial suttnes, bulging and enlarging of the fontanel, and overfilling and 
toituosity of the scalp veins, (2) iiiitaiwe sigus, evidenced by rigidity, twitch- 
ing and convulsions, and (3) 0 suba)achnoid space distended zvith ceiebio- 
spinal fluid, as show’ii b} pneiimo-encephalograph} (Figs i and 2) 

We shall picsent thiee recent cases fulfilling the conditions described 
abo^e The similarity betw’eeii these and other cases previously reported m a 
192S* communication prompts a shoit rexiew’ of the experimental and clinical 
data included in that repoi t That w ork was undertaken w ith the purpose of 
expel imentally producing in dogs lesions simulating those occurring in human 
beings w'hen blood w as present in the cerebrosinnal fluid An attempt w’as made 
to evaluate the role of blood m the cerebrospinal fluid For example, it w’as 
our belief that in some posttraumatic patients the signs and symptoms were 
due to this condition alone, rathei than to the effects of concussion, brain 
laceiation or compression At the completion of the animal experiments, it 
was concluded that blood mixed with ceiebrospinal fluid m young and adult 
dogs produced marked thickening of the meninges, resulting in neurologic 
distill bailees These varied from slight differences in behavior to severe con- 
vulsive seizures Some animals w'ere severely affected by small quantities of 
blood , others sui vived moi e than a year and w ere apparently normal 

In the second part of the eailier paper, 27 case histones w’ere recorded 
They demonstrated the vaiied clinical and pathologic changes m the central 
nervous system of human beings, follow’ing introduction of blood into the 
cerebrospinal fluid 

CASE REPORTS — TW’ENTY-YEAR FOLLOW^-UP STUDY 

Four of the 27 cases are review'ed here because of the similarity between 
them and the three cases to be reported on in this paper Case 14 represents 
the common type of reaction followung the introdu ction of blood into t e 

* This w’ork has been earned on with financial assistance from the Hoffberger 
Neurosurgical Fund Read before the Southern Surgical Association, White Su p mr 
Springs, W Va , December 7, 1948 . 

** From the Department of Neurological Surgery of the University of Marv anc 
School of Medicine 
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cei ebrospmal fluid during birth The condition, in this case, failed to cleai 
up spontaneously, but was controlled by repeated lumbar punctures Convul- 
sive seizures started when the child rvas a few days old Nuchal rigidity w'as 
noted two w^eeks following biith Generalized rigidity and failuie to follow^ 
objects wnth the eyes w'ere present at one month The first lumbar puncture 
was done at the age of twm months and 13 subsequent punctures w^ere done 
over a period of four months All symptoms disappeared Re-examination of 
the child at five j^ears of age disclosed that the circumfeience of the head w'as 
50 cm , the behavior w^as normal, there w^eie no convulsions How^ever, theie 
w^eie occasional episodes of momentar}'- loss of consciousness with drawnng 
back of the head The 1 ecent status of the patient at age 22 show's no evidence 



Fig I — Preoperative encephalograms, Case 1, anteroposterior and posteroanterior 
views, showing ventricular system within the limits of normal and excess air in parts of 
the subarachnoid space, indicating distention of the subarachnoid space before partial 
drainage 


of lesidua of earlj' difficulties The childhood development was normal, the 
young man sensed in the Merchant Marine during the war, and is happily 
mat 1 led 

Cases IS and 17 represent the tjpe of patient we aie now' lepoiting, pre- 
senting the salient features listed above Thej' failed to clear up under 
luinbai -puncture drainage and a more radical procedure was undertaken 
Both are now' nonnal adults 

Case 15 presented a tjpical picture Six lumbar punctures were done with 
only temporaiy iinpioAement in the rigidity and tenseness of the fontanel At 
SIX weeks a very small, right subtemporal decompression was done with open 
diainage for nine days after which the symptoms returned On the se\ent\- 
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second day aftei birth, a light osteoplastic flap with drainage of the subarach- 
noid space \\as done A low-grade meningitis was disclosed at operation At 
the tune of the leport, the child seemed entirely normal at four years of age 
She has i emamed noi mal to the present time, went through college, and was 
man led during the past jeai 

Case 17 had 16 luinhar piinctuies over a period of nine weeks without 
lehef The fontanel was laige, the sutures separated, the veins of the scalp 
dilated and the head appealed heav}’^ At that time, a right osteoplastic flap 
w^as turned and drainage established The improvement w'as only partial and 
the procedure was lepeated on the left side at the age of 19 weeks From this 
time on, the fontanel graduall} decreased 111 size and there was ever}' evidence 
that the cei ehi ospmal fluid ahsoi jition w as normal The follow-up, w'hich w'as 
continued until the ])rescnt yeai , 1 e\ caled a perfectly normal adult 



Fir 2 — Preoperatnc lateral mcw of encepha- 
logram of Case I, showing ventricular system 
within the limits of normal and excess air in parts 
of the subarachnoid space, indicating distention of 
the subarachnoid space before partial drainage 


Case 16 is included as an example of an untieated case This child was 
presented for examination at the age of nine months with the diagnosis of 
hydrocephalus The pneumo-encephalogram showed marked distention of the 
subarachnoid space, with only slight enlargement of the ventricles Treatment 
was refused and the condition piogressed The child was unable to sit alone 
and never learned to talk He died at 13 years of age of an acute respiratory 
infection, never having been out of bed since birth This typified the course 
of the untreated case, in which theie was a slow progression of symptoms and 
signs, until ultimately spontaneous re-establishment of cerebrospmal-flui 
absorption occurred so that enlargement of the head ceased In this stage t le 
picture was one of coitical atiophy w'lth invalidism 
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CASE REPORTS, RECENT 

Three cases with distended subarachnoid space are presented This report 
does not include accounts of patients who have recovered after repeated 
lumbar punctures The three presented are those in which repeated lumbar 
punctures failed and diainage was established through an osteoplastic flap 

Case 1 — Examined at three months because of gradually enlarging head Pneumo- 
encephalogram showed a large amount of air m the cerebral subarachnoid space, with 
slight increase m the size of the ventricles Bilateral craniotomy with drainage Recovery 

T R — Alale Normal birth The child appeared mildly spastic soon after birth and 
the head was gradually enlarging Head circumference, 38 cm Chest measurement, 37 cm 



Fig 3 Fig 4 

Fig 3 — Preoperative photograph of Case 2, head circumference at four months — 
44 cm , fontanel enlarged and slightly bulging 

Fig 4 — Postoperative photograph, age 15 months Ten months postoperatively, fon- 
tanel still enlarged, head circumference 51H cm Fontanel closed entirely at 22 months 

Diagnostic fontanel puncture with 23-gaugc needle disclosed an excess of cerebrospinal 
fluid over the cortex Through this puncture wound there was very free drainage of 
cerebrospinal fluid for 48 hours, at which time the wound was sealed wnth collodion 
Pneumo-cncephalogram show'cd distention of the cerebral subarachnoid space with slight 
enlargement of the \entncles Left craniotomj wnth drainage followed ten dajs later bj 
a right craniotomy Drainage continued for a period of 50 dajs Two months later the 
head circumference w^as 42 cm and the chest measured 413 cm The spasticiti disap- 
peared The head stopped enlarging The fontanel began to close and at the present time, 
at the age of 12 months, the child’s deselopment is normal plnsicalh and mentallj 

Case 2 — Normal biith Earlj gradual enlargement of the head Frequent lumbar 
punctures Osteoplastic flap Reco\ciw 

D "W D — Female Second child Normal spontaneous dch\er\ after central cpi- 
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biotoniv The child was apparently normal, but several days premature The head 
tircumfercnce was 30 cm with gradual enlargement to a circumference of 33 9 cm on the 
twent eth day The fontanel was tense and the cerebrospinal fluid was xanthochromic 
The diagnosis by attending physicians was “hydrocephalus” From birth, feeding was 
difficult Thcic was considerable vomiting and \ery slow" weight gam The weight on 
the fortv-sixth dav was 6 lbs 3!/$ oz Lumbar punctures were commenced on the 
twentieth dav and continued at irregular intervals until the one hundred thirty-seventh 
da\ after birth, at which time they w ere discontinued because of gradual progression of the 
inocess A right osteoplastic flap was done The brain was tense, because of the marked 
distention of the subarachnoid space The tension was entirely relieved bv very free 
draiingc which followed pricking of the distended arachnoid in several places In closing 
the W'ound gutta-perch i tissue drains w'ere left m place There w'as very free drainage 
for several davs follow mg the operation T his gradiialK diminished in amount but con- 
tinued to some degree until the fiftieth dav The intracranial tension, as determined b\ 
p ilpation of the fontanel, remained normal during the drainage period and the child’s 
general condition impioved The Msiblc scalp \cms disappeared, except on crying or 
straining, when the\ could be seen ver\ plainly The child was two years old on 
March i=^, 1949 The circumference of the head at this time is 5314 cm and the chest 
measures 51 14 cm The child is alert and entircK free from svmptoms The fontanel has 
just rectnth closed (Figs 3 and 4) 

Case 3 — Age months Gr.idual enlirgement of the head from birth with mild 

spasticit\ "kir "tudies ie\ealed dilated subarachnoid spaces Bilateral osteoplastic flaps 
Death 

R P M '\ 3l4-months-old white mile iiilant was seen because of an enlarging 
head and spasticitv Resuscitation of the infant following birth was necessarj" for a 
period of five minutes The attending phjsician noticed slight enlargement of the head 
shortlj aftci birth The child when 3J/2 months of age was referred to us by the 
pediatrician, who suspected ludroceiihalus The circumference of the head was 44 5 cm 
and the chest w'as 40 cm The fontanel was slightlj tense and bulging This had been 
noticed over a period of three weeks The sutures were not scjiarated There was a dis 
tended vein in the left parietal region There was generalized mild spasticity and poor 
control of the head mosements A pneumo-cnce))halogram showed distended subarachnoid 
space and i ventnculai s\ stem at the ujiiier limit of normal When the child was a btt e 
less than four months of age an osteoplastic flap was turned The aiachnoid w’as slight ' 
grayish and markedlj distended bj ccrebi ospinal fluid The 'essels seen through tie 
arachnoid w’ere pulsating feebh A series of holes was made 111 the arachnoid membrane, 
w'lth a 'eiv free flow' of cerebrosjnnal fluid As the escape of fluid reduced the tension, 
the pulsation m the cortical vessels was markedh increased The wound w’as dosed, witi 
a gutta-percha tissue dram left 111 place Drainage continued for a period of 3° 
during w'hich time the condition w'as partially controlled However, re-examination two 
months later indicated that the child’s course was unsatisfacton Its fontanel remmne 
tense part of the time and the scalp veins were dilated For this reason, a flap was one 
on the other side, w’lth essentially similar findings Several houis follow'ing 
the child died in circulatorj' collapse Autopsj' disclosed no discernible cause o ea^ ^ 
The only finding was that of a thymus w’Cighing 35 grams In spite of thi^ we 
tins as an operative fatality The follow'ing pathologic changes w'ere noted Gross y, 
arachnoid was thickened over the lateral surfaces, especiallj' at the Syl'ian fissure a^^ 
over the base Microscopically, the leptomenmges show'ed edema and congestne ciano 
with slight hyperplasia, increased vascularity and round-cell infiltration (Fig 5) 


ROLE OF BLOOD IN CEREBROSPINAL FLEID 

We should like to consider foi a moment the question of blood 
cei ebrospinal fluid of newborn infants According to the work of Roie 
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published m 1925, 14 i per cent of 423 consecutive deliveries showed blood in 
the cerebrospinal fluid A year later Sharpe^ did lumbar punctures on 500 
consecutive cases and found bloody cerebrospinal fluid in 9 per cent of the 



Fig 5 — Sections of meninges renio\ed at autopsj (Top) Pernascular 
space, showing h>perplastic meninges, undrained side {Bottom) Pernas- 
cular space from the side which had been drained months previousU 


babies Approximate!}' half of the infants with bloody cerebrospinal fluid 
showed clinical signs 

The reports given above would seem to force the conclusion that blood is 
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found in tlie cei ebrospinal fluid in a lathei large percentage of newborn 
infants, and Sharpe’s senes further indicated that a certain number of the 
infants with bloody cei ebrospinal fluid presented signs of meningeal irritation 
It has now been approximately 30 years since Essick-^ injected inert par- 
ticulate matter, as well as blood, into the cerebrospinal fluid to produce a 
maiked meningeal reaction, and 20 3^eais since we showed by animal experi- 
ments and clinical studies that these changes occurred following the introduc- 
tion of blood into the cerebiospinal fluid 

We have selected four papers from the recent literature which describe 
meningeal changes m human beings sufficient to convince the most skeptical 
that blood introduced into the cerebiospinal fluid does at times produce sterile 
meningitis 

The paper by Stiauss, Globus and Ginsburg," in which they leported on 
then studies of spontaneous ceiebral hemorrhage, demonstrated meningeal 
leaction of an inflammaton nature in all their cases 

Finlayson and PenfielcF’ found 21 cases of aseptic leptomeningitis in a 
senes of approximately 1,200 craniotomies which w'eie performed in Penfield’s 
clinic during the period coveied b}’’ their studj^ One similar case follow^ed a 
lammectomv In spite of drainage through the incised dm a, the incidence of 
aseptic meningitis was i 6 per cent 

Hammes," in 144 fatal cases wuth blood in the cei ebrospinal fluid found 
that autogenous blood in the subarachnoid space is not w'ell tolerated bv the 
leptomeninges in man The meningeal reaction to the blood is evident wuthiii 
two houis after hemorrhage The cellular reaction is transient, but permanent 
effects occur in the form of patclyv fibiosis of the pia arachnoid, wuth obliter- 
ation of the subarachnoid space This can be demonstrated only after the blood 
has 1 een piesent for 10 days 01 longei 

Aljieis and Foister® studied the meningeal reaction to subaiachnoid hemor- 
rhage from all causes, wuth similai conclusions conceining the meningeal 
changes but stated that they had not found in the human adult cases the same 
coi tical changes that w'ere reported in the dogs and infants of our report One 
may obseive that cortical changes occur late Figures 7 , 8 and 13 , of our 
previous paper, showing maiked coi tical changes, w'ere taken from the brains 
of dogs in wdiich blood had been injected into the cerebrospinal fluid as much 
as six months previously 

DIFTERENTIATj diagnosis 

The differential diagnosis between this and othei conditions which produce 
enlaigement of the head in infants cannot be made wuthout examination of the 
cerebiospinal fluid and pneumo-encephalogiaphy With these aids the con- 
dition can be easily difteientiated fiom the followung 

Aficsia of the s's^lvian aqueduct wuth its lesulting mteinal hvdiocephaus 
IS excluded by the failuie of air to entei the ventricles, if intioduced by tie 
sDinal route It fails to pass beyond the aqueduct if the air is introduce 
dneetty into the ventiicles 

Atresia of the foiamma of Lw^chka and Magendic wuth obstiuction to 
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cerebrospmal-fiuld drainage, is also distiiigiiislied by the typical pneumo- 
encephalogiaphic picture 

Conumimcatmg hydi ocephalns, secondary to inflammatory states with 
blockage of the cerebral subarachnoid space at the base of the brain and in 
the legion of the tentorium, again presents its typical pneumo-encephalo- 
graphic picture, with no an in the cerebial subarachnoid spaces 

Space occupying lesions as tumor, abscess and hematoma present the 
shifting of intracranial contents which distinguishes them from this condition 
The subdural accumulations of clot or fluid will be found also on subdural 
puncture Fluid obtained from subduial tap in those cases of subdural accumu- 
lations mil be different from the fluid obtained on lumbar puncture In the 
condition described in this paper, fluid may be obtained on subduial (really 
subarachnoid) tap, but it will be identical with that obtained by the lumbar- 
puncture route (See recent case No i above ) 

Meningihdtes are excluded by the pleocytosis and chemical changes in the 
cerebrospinal fluid secondar}^ to inflammatory states 

Theie are, however, several other conditions which offer difficulties in 
differential diagnosis This is true probably because of the lack of universal 
agreement as to the definition or existence of the following External hydro- 
cephalus, active external hydrocephalus Quincke’s meningitis, memngitis 
serosa, chronic arachnoiditis and otitic hydrocephalus 

W'e have avoided the use of the term external hydrocephalus in our title, 
primanly because the mere mention of the term indicated a hopeless lesion and 
precipitates an extremely bad reaction on the part of physicians as well as 
parents Another reason is the frequent disagreement among authors as to 
what constitutes external hydrocephalus Dandy," for example, defined exter- 
nal hydrocephalus as a condition in which fluid accumulates m the subdural, 
rather than subaiachnoid, space Gardner,^" on the other hand, reported three 
very striking cases of fluid accumulation over the coi tex under the heading of 
active external hydrocephalus The pneumo-encephalograms in two of his cases 
show extensive accumulation of air in the subarachnoid space, with the ven- 
tricles about normal in size Gardner’s article further differentiates active 
external hydrocephalus in which the patients had marked inci ease of intra- . 
cranial pressure from the accumulations m the subarachnoid space, as seen in 
cortical atrophy, and speaks of the latter as a passive process resulting from 
shrinkage of the brain 

Memngihs sei osa oi Quincke’s meningitis of the later literature is also char- 
acterized by accumulation of fluid under pressure in the subarachnoid space 
In this condition the fluid is nevei xanthochromic and can be frequently differ- 
entiated by this fact This type of meningitis is usually associated v ith inflam- 
mation in the paranasal sinuses ear or mastoid, and occurs in older age groups 
The term "meningitis serosa” appeared in the literature at a time vhen an 
effort was being made to differentiate tuberculous meningitis from other types 
Quincke’s’^^ article, m 1893 approximately 60 }ears latei did much to clanh 
the concept of the condition It is primarih a sterile meningitis, occurring in 
association with infiammator) lesions in adjacent infected ca\ ities Swiionds,^" 
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in 1931, undei the heading of “Otilic I-Iydrocephalus” described a group of 
patients with nnddle-ear infections who had a clinical course similar to those 
with Quincke’s meningitis 

Cases of the condition described in this paper must be difierentiated from 
othei types of chionic arachnoiditis, in which there is no increase in the cell 
count of the cerebrospinal fluid During the eaily part of the present century, 
when the interest 111 the diagnosis and removal of hi am tuinois had been 
thoroughly aroused, theie appealed in the literature ai tides describing cases 
w ith increased pi essure which on exploration w ere found not to have a tumor 
These cases weie designated as “pseudo-tumors,” after Nonne^' At oper- 
ation, some thickening of the arachnoid was found, general in some cases and 
quite circumscribed m othei s. icsulting in the teim “arachnoiditis ” Horrax^'* 
reviewed 33 cases of posterior-fossa arachnoiditis and stated that the pathologic 
changes shouted nonspecific thickening of the aiachnoid Bailey, about the 
same time, stated that in one of these cases the pi ocess involved the cortex and 
w'as, thei ef 01 e, a meningo-encephalitis A recent case wms reported by one of 
us^® m wdiich there w'as a posterior-fossa arachnoidal cyst tw o years following 
trauma The patient had an internal hydrocephalus, secondary to this circum- 
scribed aiachnoiditis Differential diagnosis can be made on the history and 
the pneumo-encephalogram Age incidence will help, as aiachnoiditis, general 
or circumscribed, raiely occuis in early infancy 

ETIOLOGY 

We are of the opinion that this clinical entity is due to faulty absorption of 
cerebrospinal fluid This disordered absorption is brought about by blood m 
the subarachnoid space In certain cases, we believe a vicious cycle is set up 
because of distuibed cerebrospmal-fluid absorption-vascular dynamics w'hich 
IS broken only by' drainage of the subarachnoid space 

The disturbed alisorption is initiated by choking of the “absorption chan- 
nels” with degenerating blood, fibrin, cellular debris and the variable specific 
meningeal reaction of the individual to a foreign body m the subarachnoid 
space These factors are augmented by the altered osmotic pressure of the 
bloody cerebrospinal fluid The lesultant increase m intracranial pressure 
with the concomitant alteration of the vascular dynamics peipetuates the 
condition Let us therefoie consider first the osmotic and then the circulatory 
factors involved 

The absorption of cerebi ospmal fluid is influenced by' the osmotic pressure 
of blood m excess of the osmotic pressuie of cerebrospinal fluid Norma y 
cerebrospinal fluid has very' low' protein content and, consequently, a 
osmotic pressure Howevei, the addition of blood to the cerebrospinal ui 
greatly increases its osmotic pressuie and so retards its absorption ^ 
osmotic relationship of blood and cei ebrospmal fluid has been extensive y 
studied by Weed The action of the piesence of blood m the cerebrospin^ 
fluid, as a result of brain trauma, w'as demonstrated m animals by Parker an 
Lehman They w'cre able to show' a quantitative increase in cerebrospina^ 
fluid pressure with varying degrees of subaiachnoid bleeding They a 
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demonstrated that the addition of whole blood, blood serum or hemolyzed red 
cells caused marked elevation of cerebrospinal-fluid pressure That the increased 
pressure resulted from an increase m the osmotic pressure which reduced 
absorption of cerebrospinal-fluid pressure, varying directly with the amount of 
subarachnoid bleeding, has been confirmed by Webster and Freeman 

A second important factor in the absorption of cerebrospinal fluid is tlie 
circulator}’- one This involves, first, the effective hydrostatic pressure of the 
cerebrospinal fluid ovei that of the cerebral venous circulation and, second, 
the rate of cerebral blood flov Systemic arterial blood pressure plays no role 
in cerebrospinal-fluid mechanics except when there aie very wide variations 
in arterial pressure It has been shown that there is a direct relationship 
between cerebral venous pressure and the ceiebrospinal-fluid pressure (Weed,^° 
Wolff and Forbes^^) and that there is an inverse relationship between intra- 
cranial pressure and cerebral blood flow (Kety,^^ et al , and Wolff and Blum- 
gart“®) With the initial inflammatory reaction of the meninges there is dila- 
tion of the vascular bed and slowing of circulation The slowing of cerebral 
blood flow is subsequently furthered by the increased cerebrospinal-fluid 
pressure The pressure in the ceiebral veins then becomes elevated and the 
hydrostatic effect of cerebrospinal-fluid pressui e is then lessened The slowing 
of cerebral blood flow with increased venous pressure results in further 
decrease in the absorption rate (Lohman^^) and the increased cerebrospinal- 
fluid pressure is accentuated 

TREATMENT 

Drainage of the subarachnoid space has been the therapy in our patients 
The most simple type of drainage is obtained through repeated lumbar punc- 
tures The best guide of therapy is the tension of the fontanel If this tension 
cannot be kept down, further evidence of increased intracranial pressure will 
appear At that time, craniotomy, with free and maintained drainage of fluid 
from the subarachnoid space, is indicated By drainage of the subarachnoid 
space, two corrections in this deianged situation are made First, the increase 
in cerebrospinal-fluid protein is removed more rapidly than it could be by the 
impaired circulation, thus removing the altered osmotic relationship Second, 
the vascular congestion which results from increased inti acranial pressure is 
released as the pressure is relieved so that the disturbed vascular dynamics 
(slowed cerebral blood flow and altered hydrostatic effect) are removed With 
more adequate circulation we believe that the body phagocytes are better able 
to clear out the obstructed cerebrospinal-fluid absorption channels When 
this has been accomplished, absorption of cerebrospinal fluid proceeds through 
nonnal loutes, and drainage to the outside ceases 

Sprung-^ demonstrated that the beneficial effect was not through the 
removal of red blood cells He stated that blood spontaneously disappeared 
from the cerebi ospinal fluid normall} within five or six davs He found that 
xanthochromia was entirely absent or reduced to a faint trace m six days His 
careful w’ork established these facts m cases m w Inch there w ere no meningeal 
symptoms, and unquestionabh i epresented the process in a number of trau- 
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iimtic patients witli Wood}' cei cbrospinal fluid Such is the reaction in perhaps 
50 per cent of infants, those who lecovei spontaneously These cases need no 
ti eatment The need for treatment is in infants showing evidence of increasing 
meningeal nutation and intracranial piessure long after the blood cells have 
disappeared, perhaps even after xanthochromia has disappeared In Case 2, 
reported above, the fluid remained xanthochromic during a period of gradual 
enlargement of the head, which was arrested b}' drainage established through 
an osteoplastic flap 137 days after birth 

That diainage of this cerebiospmal fluid helps, we think has been pro\ed 
in many cases clinically and thiough pathologic studies in Case 12 of the 1928 
rejiort This child had excessne thickening of the meninges when operated 
upon at the age of 27 months The excessne drainage of cerebrospinal fluid 
resulted, we felt, m too great a loss of fluid, and the drains were removed In 
spite of this, the diainagc continued and the child died as a result of fluid 
loss 22 days after opeiation At autopsy, the meningeal thickening, vhich vas 
seen at operation, was greatly reduced on the drained side, while still persisting 
on the opposite side The gross and microscopic differences are shovn in 
Figures 24 to 29 of the 192S report Tliese microscopic changes were seen in 
Case 3 of this paper (Fig 2) 

In Hammes’" cases, although the greatest number of punctures done on any 
one patient was nine, and none was operated upon, he stated that the incidence 
of fibrosis of the meninges, m those nho survived long enough to show this 
change, \\as less 111 those cases in which a higher number of punctures had 
been done 


The small number of cases not benefited by simple methods of drainage 
should have the subarachnoid space drained by more radical means The tem- 
poral muscle in infants is not large enough to permit adequate drainage 


through it For this reason, a more efficient procedure is to be found in turning 
a small osteoplastic flap An incision is made from the coronal suture over the 
parietal bone in a semicircular manner tow'ard the mastoid After retracting 
the scalp and separating the dura from the bone, by inserting a dissector at the 
posterioi edge of the anterior fontanel, the bone is divided wuth scissors an 
stiipped from the dura along the coronal suture The osteoplastic flap is then 
fractured in a greenstick manner along the base A dural flap is then reflecte , 
uncovering the distended arachnoid Multiple small tears are made in t ie 
arachnoid over the sulci A brain spatula is passed over the surface of tie 
brain, facilitating gentle irrigation of the cerebral subarachnoid space wit 1 
saline solution The wound is then closed in layers wntli a gutta-percha rain 
ill the posterior extreiruty of the incision A loose, heavy gauze dressing is 
applied and drainage is allowed to saturate this bandage All dressings are 
allowed to remain in place for several days Penicillin is administere 
prophylactically for the duration of the drainage period If unilateral dramas 
does not control the condition, the procedure is repeated on the opposite si 


DISCUSSION 

A 

While pressure is not excessive in these cases, there does exist, even in 
mild cases, a slight bulging of the fontanel and moderate enlargement o 
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head We are of the opinion that, in addition to restoring noimal cerebrospinal 
fluid and vascular mechanisms, a most important effect of drainage is the pro- 
tection of the brain fioin the effects of prolonged increased intracranial pres- 
sure Without drainage the end result, as we have seen above, is marked 
cortical atrophy 

We do not claim anything new as a clinical entity but merely want to 
emphasize the possibilities of complete cure in those patients who present the 
appearance of an early state of hydrocephalus 

Peregrine Wioth,-'’ of Chestertown, Mar}dand, writing in the Philadelphia 
Journal of 1824, described “A Case of Hydrocephalus Internus ” 

The subject of this case was a child of two years old In about four weeks after a 
severe fall on her head, she became fe\ensh, and m a day or two after the commence- 
ment of her indisposition, her fever increased, and she had a fit of considerable violence , 

Attempts were made, and repeated, to purge her by jalap, senna and castor oil, but 
without success Copious purging soon followed the exhibition of the croton oil, and 
with great relief to all symptoms The pathology of this formidable disease is still, I am 
inclined to think, \ery imperfectly understood, and the treatment, under any plan, has 
certainly been very generallj unsuccessful Of six or eight cases uhich have occurred 
in my practice, this is the only one which terminated favourably It is verj' possible that 
I may have been mistaken in my opinion concerning the nature of this case I am, how- 
ever, fortified m this opinion by that of Doctor Browne, who stands, and deserves to 
stand, at the head of the profession here 

We quote this account because we think it represents a patient with trauma, 
bloody cerebrospinal fluid, meningeal leaction and distention of the subarach- 
noid space \vith recoveiy after a ver}^ stormy couise of moie than foui weeks 
We are convinced at the present time, 124 years later, that similai cases aie 
appearing and are perhaps not recognized 

Increased intracranial pressure has always been a problem m the treatment 
of cerebral trauma The early authoi s attempted to combat it by purging, and 
this is still practiced today, with the addition of other measures, under the 
heading of dehydration These measuies, we feel, are effective in conditions 
in which it IS desirable to remove fluid from the cranial cavit}'-, wdiether it be 
the reduction of cerebral edema or the quantity of cerebrospinal fluid These 
methods have been used empirically before the physiolog}^ of dehydration w'as 
worked out We now' know' that any substance the action of w'hich causes a 
relative hemoconcentration removes fluid from the cranial cavity because of 
the relative increase m the osmotic pressure of the circulating blood This, in 
turn, reduces the mtracianial piessure and increases the rate of the cerebral 
blood flow' This has been demonstiatecl by Shenkin,^" and others We, there- 
fore, see that empirical use of calomel benefited these patients b} alteration of 
the absorption-vascular dynamics 

In the early days of neuiosurger\ surgical decompression w'as practiced, 
but It remained for Cushing”’’ to devise a well-ordered technic of decompression 
through muscle structures Here again, the treatment altered the absorption- 
vascular dynamics b\ reducing intracranial pressure and allow mg free drainage 
of cerebrospinal fluid This re\ersal of cerebrospinal drainage persisted until 
the time at w'hich the balance between the formation and the absorption of 
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ceiebrospinal fluid was once more lestored and, with the physiologic exit for 
the fluid sufficient, the artificial one was not necessary 

In our cases, we simply advocate a more complete drainage and a type of 
procedure which w ill permit a period of drainage sufficiently long to bring about 
resolution of the pathologic jirocess, at which time externa] drainage ceases 
and the diains can be removed In Case 12,^ m spite of removal of the dram, 
the normal pathways ^\ele not capable of functioning, so that the child con- 
tinued to drain until he died of fluid loss In Case i, of this paper, the fontanel 
tap had to be closed by collodion because of persistent drainage through the 
needle-puncture wound, indicating again the inadequacy of the normal chan- 
nels of spinal-fluid absorption 


SUAtMARV 

In this communication we attempt to point out a clinical syndrome result- 
ing from tlie introduction of Idood into the subarachnoid space This clinical 
state IS characterized b} tluee features (i) increased intracranial pressure, 
(2) evidence of ineningocerebial irritation, and (3) distended subarachnoid 
space as demonstiated bj pneumo-encephalography We emphasize that the 
infant with the enlarging head should be subjected to air studies to determine 
if this condition is present, since the response to surgical therapy appears so 
piomising In substantiation of the beneficial effects of surgery, ve outline a 
20-year follow-up on several patients reported on by one of us^ m 1928 We 
also review a case of the same condition which as not treated In this case 
we show that the eventual result of the long-standing increased intracranial 
pressure is irreversible damage to the brain The differential diagnosis of the 
condition is discussed The etiolog) , we believe, is due to blockage of the 
absorption channels of the cerebrospinal fluid \\ ith blood, secondary meningeal 
hyperplasia with increased intracranial pressure This m turn is augmented by 
increased osmotic pressuie of the pathologic spinal fluid, which further retards 
normal cerebrospmal-fluid absorption These changes produce increased intra- 
cranial pressure with reduction in effective hydrostatic pressure and slowed 
cerebral blood flow The intracranial pressure is further augmented by these 
vascular disturbances and so the cycle perpetuates itself Drainage of the 
subarachnoid space relieves the altered osmotic pressure, reduces mtracrania 
piessure and allows vascular dynamics to return toward normal This permits 
the phagocytic processes of the body to clean out the blocked absorption chan 
nels, thus reversing the cycle and allowing the patient to recover The type 0 
operative procedure is described in detail A case is cited from the medica 
literature of 124 years ago to deinonstiate that this state is not new but perhaps 
IS not as f 1 equently recognized as it might be 

CONCLUSIONS 

1 An effort is made to segregate a clinical entity from the group of infants 
with enlarging heads 

2 This syndrome is characterized by the appearance of irritative signs 
shortly after birth, followed by signs of a moderate progressive increase m t le 
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intracranial pressure, with distended ceiebial subarachnoid space and a rela- 
tively normal venti icular system 

3 This condition is produced by bloody cerebrospinal fluid 

4 A 20 -year follow-up of previously reported cases is recorded, and three 
typical cases are described 

5 The pathogenesis is discussed in the light of modem theories of cerebro- 
spinal fluid physiolog} 

6 The treatment is outlined and is studied from both the historical and 
the physiologic viewpoint 
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Discussion — Dr Conn Piiciinu, Nashville It is difficult to recognize the importance 
of the new clinical entity that Doctor Bagley has described Doctor Bagle> and Doctor 
Thompson have been talking about a sjndrome which is concerned with tlie appearance 
of blood in the cerebrospinal fluid and its consequences This is of far-reaching impor- 
tance It applies not orilj to newborn infants, but to eiery person who has a head injur}', 
and I would like to make three points In the first place, one must differentiate this entit} 
in infants from the ordinarj h} drocephahe syndrome, which is very common and which 
IS characterized by dilated v'entnclcs Bj that point alone it ma} be differentiated Sec- 
ondly, from the subdural hematoma picture in which one taps the fontanelle in infants and 
gets \anthocliromic fluid, and subsequent!} makes the diagnosis of subdural hematoma, 
but it may easily be confused with one of these pictures In pneumoencephalograms, 
which Doctor Bagley did not hav'e time to mention, differentiation is clear 

The mechanism of the production of this picture of enlargement of the head and the 
pressure syndrome which results from blood in the cerebrospinal fluid, ma} be tlie result 
of increased osmotic pressure, ma} be the result of increased venous pressure which 
disturbs the absorption-formation balance of tl e cerebrospinal fluid It certainly is not 
cerebral edema, which our President, Doctor Lehman and his associate, Doctor Parker, 
some time ago proved b} stud} mg the injection of blood into the cerebrospinal fluid 
The treatment, drainage, which Doctor Bagley also did not hav'e time to discuss m 
detail, may accomplish several things It first evacuates fluid and permit re-establisliment 
of the formation-absorption balance m the cerebrospinal fluid mechanism , it evacuates 
protein, diminishes osmotic pressure of this sub-araclinoid accumulation of fluid, it 
permits time, which is important, in allowing for re-estabhshment of normal ph}sioIogic 
balances Fmallv, the significance of this problem, this s}ndrome, is not confine to 
infants who may be mis-diagnosed as having subdural hematoma, or hydrocephalus , it is 
very far-reaching People who have had injuries, people vvdio develop post-traumatic 
epilepsy as the result of chronic arachnoiditis which is commonly diagnosed but poor } 
defined, the congenital mental deficiencies resulting from birth injuries, vv'hich really maJ 
be the consequence of blood in the spinal fluid at birth , many things of that type 
covered by this clinical and pathologic picture a V, e 

Doctor Bagley and Doctor Thompson have delv ed into their own records an av^ 
reported five or eight cases which have been followed for 20 years If only we a a 
the patience to do that, our records would be truer and more honest 


Dr Charles Bagley, Jr, Baltimore (closing) I have nothing further to 
closing, as time does not permit us to go into detail Most of you are familiar vvit ^ 
subject of blood m the cerebrospinal fluid and we hope you will be interested in rea 
the published paper 
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HYPERFUNCTIONING TUMORS OF THE ADRENAL CORTEX 
WITH REPORT OF EIGHT CASES* 

Waltman Walters, M D , 

AND 

Randall G Sprague, M D 

FROM THE DIVISION OF SURGERY AND THE DIVISION OF MEDICINE MAYO CLINIC, 

ROCHESTER MINNESOTA 

In recent years the combined efforts of internists, pediatricians, chemists 
(particularly the steroid chemists), physiologists and surgeons have resulted 
in substantial additions to knowledge of the syndromes associated with hyper- 
functioning lesions of the adrenal cortex Methods for the assay of urinary 
steroids have been developed which are helpful in diagnosis and in determining 
the results of treatment For patients presenting clinical syndromes known to 
be associated with hyper function of the adrenal cortex, the problem of differen- 
tiating between tumoi and hyperplasia has been simplified, though not entirely 
solved, by methods of urinary assay Thanks to the greater a\ailability of 
some of the adrenal steroids in natural and synthetic forms, the physiologic 
effects of several of the hormones m this group have been elucidated by both 
animal and clinical studies As a by-product of these studies, it is now possible 
to explain many (though not all) of the symptoms and signs presented by 
patients with hyperfunctioning lesions of the adrenal cortices Metabolic 
studies and identification of the unnary excretory products of the adrenal 
steroids have further clarified the pathologic physiology of these lesions 

The purpose of the present paper is to present a group of cases of proved 
tumors of the adrenal cortex which exemplify some of the problems encountered 
in diagnosis and surgical treatment These cases, eight in number, supplement 
the ten cases reported by Walters, Wilder and Kepler^^ m 1934 and the seven 
reported by Walters and Kepler^^ m 1938 At the time of these earlier reports 
methods for the assay of urinary steroids either were unknown or were in an 
early stage of development, and little was known of the physiologic effects of 
pure adrenal steroid hormones It seems appropriate, therefore, to report the 
more recent cases now in the light of our present understanding of these 
problems 

SYNDROMES ASSOCIATED WITH TUMORS OF THE ADRENAL CORTEX 

The earlier literature dealing with tumors of the adrenal cortex contains 
frequent references to "the adrenal cortical syndrome ” With the closer study 
of more cases, it has become apparent that there is no single syndrome which 
is characteristic of adrenocortical hyperfunction Rather, the clinical pictures 

=*■ Read before the Southern Surgical Association, White Sulphur Springs, W Va . , 
December 7, 194S 

t Present-day knowledge of the neutral steroids in the urine of human beings in 
normal and abnormal states has recently been the subject of an cvtensnc re\ie\\ In 
Engstrom 
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associated with hyperfuiiction of the adrenal cortex are extremely protean in 
nature and presumably depend on the type and quantity of steroid hormones 
produced, the age and sex of the patient and perhaps on other factors 

Although no classification of syndiomes is entirely satisfactory, the one 
proposed by Kenyon’' is an excellent one He recognized six types of clinical 
syndrome, namely, (i) the adrenogenital syndrome, (2) Cushing’s syndrome, 
(3) mixed clinical pictures including features of the first two, (4) a type 
characterized by single or isolated endocnne manifestations, (5) feminizing 
syndromes, that is, feminization of men or homologous sexual precocity in 
girls, and (6) tumors without endocrine manifestations The characteristics 
of these syndromes have been discussed by Kepler, Sprague, Mason 
and Power” 

Inclusive as this classification is, it has been apparent for some time that 
111 an appreciable number of the cases the clinical manifestations do not conform 
to any of the foregoing clinical syndromes In such cases the clinical picture is 
usually mixed or incomplete and consequently defies precise classification 
Among the most spectacular of the changes produced by tumors of the 
adrenal cortex are those in the sexual sphere In young boys, sexual precocity 
of masculine type, m combination with somatic precocity, may occur In young 
girls, on the other hand, sexual precocity is likely to be heterologous or mas- 
culine m character, although homologous sexual precocity with uterine bleeding 
and enlargement of the breasts occasionally occurs In adult men, sexual 
changes are rarely obseix'ed, because a masculinizing tumor is not likely to 
enhance the masculinity of a male, while feminizing tumors in adult males are 
excessively rare In adult women, on the other hand, heterosexual changes 
are relatively common For example, amenorrhea develops, the breasts 
assume a more masculine type, the clitoris hypertrophies, and alopecia of the 
scalp in association with hirsutism and acne of the face extremities, chest and 
lower part of the abdomen may occur The tenn “adrenogenital syndrome 
may properly be applied m cases in which changes in the direction of increased 
masculinit}’- dominate the clinical picture 

The endocrine and metabolic signs and symptoms v Inch bear no consistent 
relationship to the age and sex of the patient (Table I) represent an extremely 
varied group of disturbances Their most complete development occurs m 
Cushing’s syndrome,"'' but they may occur in vaiying degree among patients 
who do not present the complete clinical pictuie described by Cushing For 
example, one of the patients in the piesent senes presented some of the features 
of virilization (hirsutism of the face and extremities and amenoirhea), but m 
addition exhibited some of the endocrine and metaboli c manifestations 0^ 

* It should be pointed out that m speaking of Cushing’s syndrome we are referring 
to the clinical picture described by Cushing and not specifically to the pathologic basis or 
this syndrome In the past it has been thought that Cushing’s syndrome is always asso- 
ciated with a basophilic tumor of the anterior pituitary Our experience and that of others, 
on the contrary, has shown that this syndrome may occur in the absence of a basophi ic 
tumor of the pituitary but is probably always associated with hyperfunction of t 
adrenal cortex 
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Cushing’s syndrome (hypertension, ecchymosis, diabetes and a hypochloremic, 
hypokalemic alkalosis) Other patients piesenting mixed or incomplete clin- 
ical syndromes are seen not uncommonly As already indicated, these inter- 
mediate clinical pictures are most difficult to fit into a rigid classification of 
syndromes 

HORMONES OP THE ADRENAL CORTEX 

To date, 27 steroid hormones have been isolated in cr}^stalline form from 
the adrenal glands of animals, and their chemical structure has been deter- 
mined A considerable number of these steroids have no demonstrable physio- 
logic activity Others have striking metabolic effects Those which have been 
shown to have physiologic activity fall into several principal groups 
(Table II) t 


Table I — Symptoms of Tumors of the Adi coal Corte.\* 

I Nonendocnne symptoms 
11 Symptoms dependent on age and set 

Boys Homologous sexual and somatic precocity 

Girls Sexual and somatic precocity, usually heterologous Sometimes uterine 
bleeding and enlargement of the breasts 
Men Feminization 
Women Varying degrees of virilism 
III Symptoms independent of age and sex 
Altered habitus 

Facial and abdominjil obesity 
Kyphosis 

Thin arms and legs 
Purplish stnae and ecchymoses 
High color 
H> pertension 
Osteoporosis 
Diabetes 
Acne 

Polj cythemia 
Hypochloremic alkalosis 
Purpuric ecchymoses 
Fatigue 

Muscular atrophy 

♦From E J Kepler, R G Sprague H L Mason and M H Poiier The Pathologic 
Physiology of Adrenal Cortical Tumors and Cushing s Syndrome In Recent Progress 
in Hormone Research, The Proceedings of the Laurentian Hormone Conference New 
York Academic Press, Inc Publishers 1948 2 345-389 


I The predominant effects of the hormones m this group are on the 
metabolism of salt and water Of these, desoxycorticosterone, videly used 
in the form of the acetate in the treatment of Addison’s disease, is the most 
famihar When administered m excessive doses to animals or human beings, 
It causes retention of sodium chloride and water and an increase of the urinar} 
excretion of potassium Edema, hypertension and congestn e heart failure ma} 
result from retention of salt and water Loss of potassium ma} lead to pro- 
found muscular weakness These effects may explain the symptoms of hyper- 

t It IS realized that the boundaries between groups are not always well defined A. 
compound m one group may ha\e some phyoiologic effects characteristic ol the members of 
another group The grouping is based on the predominant ictivitics of the compounds 
m question 
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tension, edema and disturbances of electrolyte metabolism observed in some 
cases of tumor of the adrenal cortex The production of a diabetes insipidus- 
like syndrome m dogs by the administration of large doses of desoxycorti- 
costerone acetate by Ragan, Ferrebee, Phyfe, Atchley and Loeb^° suggests 
that the polyuria which is present m some cases of Cushing’s syndrome is 
perhaps attnbutable to excessive production of these compounds At present 
there is no practical method for the assay of this type of hormone m the body 
fluids , however, the work of Dorfman and his colleagues^ on the recognition 
of minute quantities of desoxycorticosterone by observing its effect on the 
unnai-y excretion of ladioactive sodium is a promising lead in this regard 


Table II — Active Compounds Isolated From the Adrenal Cortex* 

Effect 

Compound 


Salt and water metabolism 
Carbohydrate and protein 
me'abo’ism 

Desoxycorticosterone 

11-Dehjdro 17 h>droxycorticost<‘rone (compound E) 

1 1-Dehydrocorticosterone (compound A) 

Corticosterone (compound B) 

17-Hydroxycorticosterone (compound F) 


Fat metabolism (?) 

1 1 Dehydrocorticosterone (compound A) 

Corticosterone (compound B) 


Androgenic effect 

Androstcnedione 

1 1 Hydroxy iso androsterone 

Adrenosterone 

1 7-Hydroxyprogesterone 


Estrogenic effect 

Estrone 


Progestational effect 

Progesterone 


^ With modifications from E J Kepler R G Sprague H L Mason and M H 
Power The Pathologic Physiology of Adrenal Cortical Tumors and Cushing s Syndrome 

In Recent Progress in Hormone Research, The Proceedings of the Laurentian Hormone 
Conference New York Academic Pre'^s Tnr Publishers 1948 2 pp 345-389 



2 The hormones in this group have a predominant effect on the metabol- 
ism of carbohydrate and protein The most potent hormones of this group are 
I i-dehydio-i7-hydrox3^corticosterone (compound E of Kendall) and I7' 
hydroxycorticosteione (compound F of Kendall) These compounds (E and 
F) have been available for study m only small quantities Among other activ- 
ities they are concerned with the fonnation of sugar from protein precursors 
oi with inhibiting the utilization of glucose or with both When administered 
to persons who had Addison s disease and diabetes, compound E intensified the 
diabetes by augmenting the excretion of sugar, niti ogen and ketone bodies 
White and Dougherty^® have shown that compound E causes involution 
of the th 3 'mus and lymphoid tissue with liberation of gamma globulins and 
immune bodies Overproduction of hormones having ph 3 fSiologic effects like 
those of compound E and compound F might explain a number of symptoms 
observed m cases of tumor of the adrenal cortex, which are dependent on 
disturbances of the metabolism of carbohydrate and protein Among these are 
diabetes mellitus, negative nitrogen balance, muscular wasting, weakness, osteo- 
porosis, thinning of the skin and ecchymosis (possibly due to weakening of 
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the blood vessels) The no\\ well-known effect of the adienal cortex on 
lymphoid tissue might explain the l3unphopenia which is charactenstic of 
Cushing’s s.Midiome Practical methods are available foi the estimation of 
some of the excietion pioducts of hoimones of this type in the urine These 
aie the detei mination of gl3cogenic coiticoids by the bio-assay method of 
Venning and associates/^ and the chemical deteimmation of corticosteroids 
b} the method of Lovenstein, Coicoian and Page® or one of its modifications 
At the i\'Ia3 0 Clinic we aie using the latter or chemical method for the 
determination of these coiticosteioids The excretion of these substances b3f 
patients vho have tumors of the adienal cortex associated with featuies of 
Cushing’s sindiome is usualh inci eased 

3 In this group aie compounds such as i i-deh3'^diocorticosterone (com- 
pound A of Kendall) which probably influence the metabolism of fat 
Although some clinical and expenmental evidence indicates that the adrenal 
cortex IS invohed m the metabolism of fat, this is one of the least exploied 
aspects of the function ol the adienal cortex Obesity is one of the outstanding 
features of some patients who have hyperfunctioning lesions of the adrenal 
cortex On the contiai 3 , patients w ho have Addison’s disease have difficulty m 
gaming weight Kendall, •* in association wnth Heilman, has obtained some 
e\ndence that the administiation of compound A (i i-dehydiocorticosterone) 
to certain stiains of mice results in an increase in the amount of fat, measured 
either as per cent of the total 01 the absolute amount, m the animal Kochakian® 
was able to confirm this obseiwation in some experiments but not m others 
Thoriff2 observed a deciease in the fecal excretion of fat by patients with 
Addison’s disease w ho ai e treated w ith compound A Some evidence indicates 
that these compounds are a part of that group of hormones the urinary 
excretion products of which aie measuied collectively as the so-called glyco- 
genic corticoids or corticosteroids 

4 Compounds which have androgenic, estrogenic or progestational effects, 
such as adrenosterone, andi ostenedione, ii-hydroxy-iso-androsterone, 17- 
hydroxyprogesterone, estrone and progesterone, are included m this group 
Virilism in its several manifestations, including hirsutism, baldness, amenor- 
rhea florid skin, hypertrophy of the clitoris, acne, masculmization of the voice 
in women and iteration of the habitus in the diieotion of masculinity might 
result from production of excessive amounts of androgenic material by an 
adrenocortical tumor Likewise, the occurrence of sexual and somatic precocity 
and achondroplastic habitus in childien might be similarly explained 

Overproduction of estrogens and compounds wdneh have an action like 
that of progesterone might explain the occasional occurrence of vaginal bleed- 
ing and sexual precocity in gnls who have tumors of the adrenal cortex and 
the occurrence of impotence and gynecomastia m men Estrogen-producing 
tumors of the adrenal cortex are relatively rare, but bio-assay and chemical 
methods have been developed for the determination of estrogens in the urine 
Pregnanediol, an excretion product of progesterone and possibly also of 
desoxycorticosterone, can be determined chemically However, the excretion 
of pregnanediol in the urine does not occur solely m cases of adrenocortical 
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tumor, for it also occurs in some instances of adrenocortical hyperplasia and 
ovanan tumors, and also m pregnancy 

A patient who has a hyperfunctioning lesion of the adrenal cortex asso- 
ciated with marked evidence of virilization is likely to excrete a large amount 
of 17-ketosteroids m the urine On the contrary, if evidence of virilization is 
rmnimal or lacking, as m Cushing’s syndrome, the excretion of 17-ketosteroids 
may not be elevated 

OTHER AIDS TO DIAGNOSIS 

Several diagnostic procedures have been employed to demonstrate the 
presence of a tumor m a given adrenal gland Occasionally, a plain roentgeno- 
gram of the renal region will reveal a soft-tissue shadow above one of the 
kidneys At other times, intravenous urograph)'^ will indicate a downward 
displacement of one kidney or urographic evidence of deformity caused by 
pressure from above the kidney Obviously a tumor must be of considerable 
size to permit roentgenographic recognition Unfortunately, few functioning 
tumors of the adrenal cortex are of this size In our experience many of the 
tumors have been so small (2 to 5 cm in diameter) that they neither depress 
the kidney nor lend themselves to reliable roentgenologic visualization after 
perirenal injection of air Moreover, in a few cases m which we injected air, 
the reaction was rather shocking both to the patient and to us, so that we 
abandoned this method of diagnosis, not because of this alone, but also because 
of the ease, safety and accuracy with which the adrenal glands can be exposed 
through a small surgical incision 

PREOPERATIVE PREPARATION AND POSTOPERATIVE CARE 

Removal of a hyperfunctioning adrenocortical tumor is an extremely haz- 
ardous procedure, as shown bj^ high mortality rates reported m the literature, 
if the possibility of postoperative adrenocortical insufficiency is not appreciated 
Atrophy of the contralateral adrenal cortex may be responsible for disastrous 
consequences if appropiiate treatment for adrenal insufficienc}'^ is not admin- 
istered before the operation and for several days after excision of the tumor 
Proper preoperative and postoperative treatment and appropnate surgical 
procedures will lessen the risk Important signs suggestive of adrenal insuf- 
ficiency in the first 48 hours after operation are prostration, hypotension, tachy- 
cardia and unusual fever 

Although It has been said that acute postoperative adrenal insufficiency is 
more likely to occur in cases of Cushing’s syndrome than in cases of adreno- 
genital syndrome, it has been our practice to treat all patients who haA'^e a tumor 
of the adrenal cortex as if adrenal insufficiency might follow removal of the 
tumor Since potent extracts of the adrenal cortex have been available, no 
postoperative deaths have occurred m our own experience 

The most important feature of the preoperative treatment is the intra- 
muscular administration of from 20 to 50 cc of adrenocortical extract the 
evening before the operation and the intravenous administration of another 
dose of the same size in i liter of physiologic saline solution on the morning of 
the operation Immediately after excision of the tumor, an additional 50 cc 
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of adrenocortical extract is administered intravenously For several days after 
the operation, from 50 to 100 cc of the extract is given daily , the dose is grad- 
uall} decreased before its use is discontinued If the patient is a child, smaller 
amounts of extract and fluid are employed Occasionally desoxycorticosterone 
acetate in doses of from 5 to 10 mg is administered intramuscularly the morn- 
ing of the operation 

SURGICAL UXPOSURE AND OTHER CONSIDERATIONS 

Tlie decision concerning which adrenal gland should be exposed first is 
extremely pertinent if a functioning tumor is suspected Under these circum- 
stances it is currently considered unnecessary^ to expose both adrenal glands if 
a tumor is found on the first side explored We have not yet encountered 
a case of bilateral hyperfunctioning neoplasm of the adrenal cortex If the 
location of tlie tumor can be determined m advance of operation, only the side 
in wluch the tumor is present need be exposed Ordinarily the opposite gland 
has undergone atrophy from disuse 

The approach which one of us (W W ) most frequently uses consists of 
a posterolumbar incision like that employed for operations on the kidney The 
patient lies on the opposite side Advantages of this approach are that good 
visualization of each gland is possible and the exposure is adequate to deal 
with whatever type of lesion is encounteied Bilateral incisions are made 
whenever necessary^ 

Probably the most important consideration from the surgical viewpoint is 
the procedure to follow after the adrenal glands are exposed In the event 
that a tumor is encountered, there is little question about the procedure The 
tumor should be removed in its entirety Usually this can be accomplished In 
our opinion it is ordinarily advisable to remove the involved gland completely 
since most of the tumors are malignant 

Treatment of the patient who has Cushing’s syndrome associated with bilat- 
eral hyperplasia of the adrenal cortex is still in the phase of clinical develop- 
ment Currently and for the last several years we have been employing a pro- 
cedure vhich seems to be the most satisfactory that has been developed to 
date but which still leaves much to be desired In brief, this procedure consists 
of exposing both glands at the time of operation to exclude the presence of a 
tumor If none is present, subtotal adrenalectomy is performed on one side 
From two-thirds to three-fourths of this gland is removed Occasionally after 
this procedure the patient undergoes a temporary remission of symptoms for 
perhaps a matter of months Subsequently, if symptoms persist or recur, about 
three months or less after the initial operation both glands are exposed again 
The gland on which the subtotal adrenalectomy was performed is exposed first 
to determine that the remaining portion is still viable If it is viable, the entire 
gland or three-fourths of it on the opposite side is removed Obviously such a 
procedure involves exposure of both adrenal glands twice, which hardly seems 
ideal Unfortunately, however, it is hazardous to remove too much adrenal 
tissue at any given operation, and therefore this complicated procedure is 
necessary 
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Results following removal of hyperfunctioning tumors of the adrenal cor- 
tex are good in general and are excellent if the lesion is benign Results fol- 
lowing operation m cases of adrenal hyperplasia are less satisfactory Experi- 
ence with this lesion is still rather limited and it is hoped that the prognosis in 
cases of this condition may be impioved in the future 

REPORT OF EIGHT CASES 

Case 1 — The patient was a man 62 years of age Three years before his admission 
to the clinic in 1939, a tumor had been found in the left upper quadrant of the abdomen 
This tumor had been considered to be an enlargement of the spleen The patient had had 
yellow fever m 1878 and malaria in 1903 but he did not believe that the tumor had 
developed then During the three years before his admission he noted progressive enlarge- 
ment of the mass Physical examination elsewheie in 1937 revealed, in addition to the 



Fig I (Case i) — Carcinoma of the left adrenal cortex weighing 2,685 Gm 


tumor, a marked systolic murmur m the hypogastric region The patient had been able 
to work daily and had no other complaints He came to the clinic on the advice of his 
doctor because of the increasing size of the tumoi 

On physical examination at the clinic a large, somewhat fixed mass was noted in the 
left upper quadrant of the abdomen , this extended to the midline and down to the 
umbilicus It was globular and no notch could be felt m it The patient presented no 
signs or symptoms indicative of an endocrine disturbance The blood pressure was 112 mm 
of mercury systolic and 70 diastolic Laboratory data were not significant The value 
for hemoglobin was 138 Gm per 100 cc of blood, there were 3,970,000 erythrocytes and 
6,600 leukocytes per cubic millimeter of blood The differential count showed 22 per cent 
lymphocytes, 70 per cent neutrophils, 6 per cent monocytes, i 5 per cent eosinophils and 
o 5 per cent basophils Examination of the blood smear showed nothing diagnostic No 
increase m regeneration was noted Serologic tests were negative for syphilis Roentgen- 
ograms showed displacement of the stomach to the right by a large tumor A roentgen- 
ogram of the abdomen showed a large soft-tissue shadow on the left with multiple areas 
of calcification throughout The renal shadow could not be differentiated from this mass 
The patient was seen by several consultants and the site of origin of the tumor could not 
be ascertained definitely 
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On January' 9, 1939, a large carcinoma of the left adrenal gland was removed (Fig 1) 
It was almost the sire of a football, and weighed 2,685 Gm It was surrounded by a nest 
of blood ^essels, the pedicle of tlic tumor being composed of diffuse \enous sinuses which 
were about i cm m diameter The kidney appealed to be normal and was not removed 
Bleeding from the blood ^csscls supplying the tumor \vas controlled by ligature Two 
cuiwed hemostats were allowed to remain for 72 hours on two veins high in the renal 
fossa close to the diaphragm The pathologist made a diagnosis of primary adenocarci- 
noma, grade 3 (Broders’ classification), of the adrenal cortex The patient was given 
300 cc of acacia, 500 cc of ciliated blood, and 1,000 cc of saline solution while he was 
on the operating table During the first 36 hours following the opeiation, there was a rise 
in temperature and pulse rate and a fall in blood pressure to So mm of mercury systolic 
and 60 diastolic On the daj of operation, after the oiigin of the tumor from the adrenal 
cortex had been established, and on seven succeeding days, the patient w'as treated with 
cortical extract (Kendall) and phjsiologic saline solution intravenously to prevent the 
occurrence of acute adrenal insufficiency (Table III) 


Table III — Treatment 4 jte) Removal of Tumo) of the Adienal Coitex m Case 1 


Dij 

Corticil 

Cxtnct 

(Kendall) 

cc 

Whole 

Blood 

cc 

Phj siolosic 
Saline 
Solution 

cc 

S Per Cent 
Solution 
of Glucose 

cc 

1 

20 

500 

3 000 

500 

2 

50 


1 000* 

1 000 

3t 

70 


2 000 



* Tins solution nlso contained 0 5 per cent sodium citrate 
t For the succeeding fi%e da>s the patient received physio- 
logic saline solution and adrenal cortex extract in decreasing 
amounts 


The patient's com alescence was uneventful except for the symptoms of adrenocortical 
insufficiency already mentioned and some separation of tlie wound In order to hasten 
healing a secondary closure was made of it on February 2, 1939 The patient was dis- 
missed from the clinic on March 4, 1939, at wdiich time the w'ound w'as practically healed 

Follow-up studies were made during the succeeding seven vears by physicians in the 
patient’s home locality and on December 20, 1946, the patient, in sending a report of his 
progress, stated that he had been w'ell except for pyelitis in t 94S ^nd resection of the 
prostate gland in 1946 His general health at the time of writing was good, and he was 
working regularly In February, 1949, the patient reported by' letter that he was in good 
health at the age of 72 years, except for an inguinal hernia 

Case 2 — The patient, a w'oman 27 years old, presented lierself at the clinic on July 
5> 1941 She complained of failure to menstruate, excessive growth of body hair and 
headaches associated w'lth visual disturbance Menses had begun at the age of ii or 12 
years In 1939, w'hen she w'as 25 years old, menstruation ceased Following the admin- 
istration of theehn tw'ice weekly for one month, she had a little spotting of blood from 
the uterus She also noted a decrease in the size of her breasts For the two years before 
her admission to the hospital, there had been an increasingly excessive growth of hair 
over the body, especially over the legs, thigh, upper lip, thorax and abdomen In 1935 
she had begun to have visual disturbances, during which she could see the right side of an 
object but not the left side Such episodes occurred once every two or three months 
They were associated with headaches over the left eye There waa no visual disturbance 
between these episodes The last episode had occurred two or three weeks before her 
entrance into the clinic 

On physical examination at the clinic the patient was found to be moderately obese 
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Excessive hair was noted on the face, extremities, chest and abdomen, with a male dis- 
tribution of hair in the suprapubic region (Fig 2) A mass was palpable in the left upper 
quadrant of the abdomen Blood pressure was 118 mm of mercury systolic and 68 
diastolic Examination of the ocular fundi and of the visual fields disclosed no abnormal- 
ities Routine examination of the urine and blood, determinations of blood urea, plasma 

chlorides and cai bon-dioxide combining power and roentgenograms of the thorax, head 

and thoracic vertebrae disclosed no significant abnormalities An excretory urogram 
revealed displacement of the left kidney downward The urinary excretion of 17-keto- 
steroids was 724 mg in three days, or an average of 241 mg per day The test for urinary 
prolan was negative for normal amounts The urine excreted in 24 hours was positive 
for 13 rat units of estnn A glucose-tolerance test revealed a diabetic type of curve 

A diagnosis of tumor of the left adrenal 
cortex was made The headaches were thought 
to be due to migraine Preparation for opera- 
tion was begun on July 14, 1941 On this da\ 
the patient twice received 10 mg of desoxycor- 
ticosterone acetate subcutaneously On the day 
of operation, July 15, she was given 200 cc of 
physiologic saline solution intravenously and 
two injections of 10 mg each of desoxycorticos- 
teroiie acetate 

At operation a left adrenal tumor measur- 
ing approximately 25 cm in diameter was found 
The tumor was well encapsulated but was ad- 
herent to the peritoneum at its upper margin A 
slight tear w'as made m the capsule of the tumor 
as It was being separated from the peritoneum 
All tumorous tissue w'as removed and the blood 
vessels going into the tumor w ere doubly ligated 
In the perirenal fatty capsule there w'ere many 
large veins similar to those often seen m asso- 
ciation w’lth hypernephromas The pathologist 
reported that the tumor w'as necrotic carcinoma, 
grade 2, of the adrenal cortex (Fig 3) On fhe 
second and third postoperative days the patient 
W'as given 5 mg of desoxycorticosterone acetate 
subcutaneously and on the fourtn, fifth and sixth days, 2 mg 

The postoperative course was uncomplicated except for variable fever from 99° to 
101° F daily for seien days There were no evidences of adrenocortical insufficiency 
The patient became afebrile on the tenth day and was dismissed from the hospital on the 
14th dav and from the clinic one month after operation 

The values for urinary hormones before operation should be compared with the 
values after operation There was a sharp reduction in excretion of 17-ketosteroids in 
the urine to 21 mg in ten days (average 2 i mg per day) shortly after operation Four 
months after the operation the urinary excretion of 17-ketosteroids w'as 10 3 mg m 24 hours 
and 1 1 months after operation the value was 8 6 mg 

The patient was re-examined in September, 1943 Normal menstruation had been 
resumed a few weeks after removal of the adrenocortical tumor There was no evidence 
of recurrence of the tumor Aside from obesity, examination repealed no significant 
abnormality The body hair was entirely within normal limits The urinary excretion 
of 17-ketosteroids was 70 mg in 24 hours 

A written report from the patient in 1947 indicated that she was in good health 
except for headaches 
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Case 3 — The patient, a girl aged 45 months, was presented for evammation on 
March 26, 1942 The parents stated that pubic hair had been present in increasing amounts 
for four niontlis and for the past month an enlargement of the abdomen had been noted 
A diagnosis of an adrenal tumor had been made elsewhere 



Fig 3 (Case 2) — (a) and (b) Necrotic carcinoma, grade 2, of the 

left adrenal cortex 


Physical examination at the clinic revealed a child with a full face, acne, red cheeks 
and a suggestion of cyanosis (Fig 4) The blood pressure was no mm of mercury 
systolic and 80 diastolic Facial acne and a protuberant abdomen with a firm, fixed, 
nontender mass m the right upper quadrant were noted Pubic hair was present and the 
vulva and clitoris were hypertrophied (Fig 5) The voice was deep for a child Routine 
urinalysis showed nothing abnormal The value for hemoglobin was 14 8 Gm The ery- 
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throcyte count was 5,660,000 and the leukocyte count 9,400 The differential count was 
normal Roentgenograms of the thorax and abdomen showed no abnormality, those of 
the bones of the wrist revealed seven ossification centers which constituted evidence of 

precocious development The urinarj^ ex- 
cretion of 17-ketosteroids was 170 mg in 



Fig 4 (Case 3);. — Acne and lounded contour 
of the face 


t 



Fig 5 (Case 3) — Pubic hair and enlarged 
clitoris 


24 hours The test for estrin excreted 111 
the urine in 24 hours was positive for 16 
rat units Tliese values should be com- 
pared with those obtained on the second 
postoperative day when less than i mg 
of 17-ketosteioids was excreted in 24 
liours ' 

The child was prepared for operation 
bj' being given 5 mg of desoxycorticos- 
lerone acetate on the day preceding the 
operation, and on the morning of surgerj 
she received an additional 5 mg During 
the operation and subsequently that dav 
'he received 1,000 cc of 5 per cent solu- 
tion of glucose in physiologic saline solu- 
tion with 5 mg of sodium citrate and 30 
cc of cortical extract added Later 10 
mg of desoxj coi ticosterone acetate was 
given subcutaneously She received 500 
cc of blood during the operation 

At operation, a right posterolumbar 
incision was made and a tumor the size of 
a grapefruit arising from the right adrenal 
gland was exposed and removed It was 
attached to the peritoneum and liver 
Bleeding from several large veins vv^s 
controlled with hemostats A pack was 
used to control bleeding from the hv'er 
Three curved hemostats were left on the 
blood vessels The child’s condition was 
not good during the latter part of the op- 
eration, but the blood pressure stabilized 
later after the supportive measures pre- 
viousl}"^ mentioned were carried out The 
pathologist reported that the right adrenal 
gland was 13 cm in diameter and 
weighed 460 Gm There was a semi- 
encapsulated, hemorrhagic, degenerating 
adenocarcinoma, grade 3 ^, of the adrenal 


cortex (Fig 6) 

The preoperative and postoperative treatment aimed at the prevention of adi enocortical 
insufficiency is summarized m Table IV On the i ith postoperative day the patient was 
given 200 cc of blood and the pack was remov'ed from the incision without any bleeding 
Aside from a slight wound infection, convalescence was not complicated No symptoms 
suggestive of adrenocortical insufficiency were observed 

Two weeks after the operation the value for 17-ketosteroids was 69 mg m 24 hours, 
this finding suggested that tumor tissue still remained 
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Fig 6 (Case 3) — (a) and (b) Semi-encapsulated, hemorrhagic, 
degenerating adenocarcinoma, grade 3L of the right adrenal cortex 
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Three months later, the mother stated m a letter that the child was in good health 
One month later the mother wrote that the child was not in good health and she was 
brought back for further examination At this admission complaint was of pain in right 
upper quadrant of the abdomen, an increased appetite and a rash on the forehead There 
was an increase in intake and output of fluids 

Examination revealed enlargement of the liver, which extended almost to the pelvis, 
and pubic hair A roentgenogram of the thorax showed multiple metastatic lesions in the 
lungs The diagnosis was recurrent or persistent carcinoma of the adrenal cortex, with 
metastasis The course was progressively downhill and the patient died on September i8, 
1942 No postmortem examination was performed 


Table IV — Treatment Before and After Removal of Tumoi of the Adrenal Carter 

in Case 3 


Day 

Desoxycorti 

costerone 

Acetate 

mg 

Cortical 

Extract 

(Kendall) 

cc 

Whole 

Blood 

cc 

5 Per Cent 
Glucose in 
Physiologic 
Saline Solution 

cc 

Preoperatue 




1 

S 




0 

5 




Postoperative 




1 

10 

30 

SCO* 

1 ooott 

2 

10 

40 


i.ooot 

3 

2 S 




4 


20 


1 ooot 

5 


10 



6 


10 


- 

7 


10 



8t 


5** 




* Given during operation 
t Also contained 0 5 per cant sodium citrate 
t Infusion begun during operation 
■''* The patient received 2 5 cc cortical extract daily intra 
muscularly for the succeeding five days 


Case 4 — The patient, a woman 24 years of age, was first seen at the dime on 
December 21, 1947 She had been married twice and had one child by her first husband 
A year and a half before her admission, during the first four montlis after her second 
marriage, she had gained 37 pounds (168 Kg) Nine months before her admission, 
acne had developed on her face, arms and shoulders, and she had noted flushing of the 
face and facial hirsutism Six months before her admission, progressive weakness forced 
her to stop work After her basal metabolic rate was found to be — 23 per cent, she was 
treated with desiccated thyroid and she lost 14 pounds (6 4 Kg ) in four weeks Dryness 
of the skin and polyuria developed She continued to menstruate regularly but the 
amount was decreased 

On examination, the systolic blood pressure was 124 mm of mercury and the diastolic 
was 80 The face was rounded and of high color Facial acne was present The skin was 
dry Keratosis pilaris and characteristic purplish striae limited to the flanks were noted 
An excess amount of thin, blond hair was present on the face, arms and legs The arms 
and legs were thin, and she had such profound muscular weakness that she could not 
step up on a chair The abdomen was protuberant The hair was “messy” and unkempt in 
appearance The clinical picture was that of Cushing’s syndrome of severe degree (Fig 7) 
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The urine was alkaline in reaction Polyuria was marked, the daily volume of urine 
ranged between 3,700 and 8,400 cc Hemoglobin measured 168 Gm per 100 cc of blood 
Er\throcytes numbeied 4,620,000 and leukocytes 13,900 per cubic millimeter of blood 
The difterential count showed only ii per cent lymphocytes The sedimentation rate was 
7 mm at the end of one hour by the Westergren method Roentgenograms of the thorax, 
skull, kidneys, ureters and bladder ga\e no e\idence of abnormality There was no 
osteoporosis 



Fig 7 (Case 4) — (a) Approximately three years before the manifestations of 
Cushing’s sjndrome developed, (b) at the height of the disease, and (c) six months 
after remo\al of the tumor of left adrenal cortex 


Table V 

— Ticatment After Removal of Tumor of the Adrenal Cortex in Case 4 


Day 

Cortical 

Extract 

(Kendall) 

cc 

Ph> siologic 
Saline 
Solution 

cc 

5 Per Cent 
Glucose in 
Physiologic 
Saline Solution, 

cc 

S Per Cent 

Solution of 

Glucose, 

cc 


1 

70 * 

1 000* 


2 000 


2 

20 


1 000 

1 000 


5 

40 


1,000 



6 

40 


1 000 



7 

40 



1 000 


* 40 cc of the cortical extract and the 1,000 cc of physiologic 


saline solution were given intravenously during operation This 


was begun immediately after excision of tumor 



The values for blood urea, serum sodium, serum potassium, serum chlorides, carbon- 
dioxide combining power of plasma, serum albumin and serum globulin were normal The 
hematocrit reading was 56 per cent cells On one occasion no estrin was demonstrable 
in the urine, and on another the test was positive for 60 rat units in urine excreted in 24 
hours The urinary prolan was strongly positive for S rat units per liter The urinary 
excretion of 17-ketosteroids was 7 3 mg in 24 hours on one occasion, and 3 5 mg on 
another The urinary excretion of corticosteroids was i loi mg in 24 hours A glucose- 
tolerance test revealed a diabetic type of curve 

On January 16, 1948, the left adrenal gland was exposed through a posterolumbar 
incision and a small, ovoid, yellow-brown encapsulated tumor involving from 65 to 75 
per cent of the gland was seen The tumor was removed and a fringe of normal gland 
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Fig 8 (Case 4) — (a) and (b) Encapsulated carcinoma, low grade 
I, of the left adrenal cortex 

of sodium chloride and glucose was resumed The temperature and pulse returned to 
normal 

During a period of four weeks following excision of the tumor of the adrenal cortex, 
successive determinations of the excretion of i7'ketosteroids per 24 hours, gave the 
following results 2 9 mg , i o mg , o 7 mg and i i mg The urinary excretion of corti- 
costeroids three weeks after the operation was o 563 mg in 24 hours 
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The postopei alive course was marked by a troublesome cough for a few days and 
weakness, nausea and anorexia Tlie latter symptoms weie still present at the time of her 
dismissal from the clinic on Februan- iS, 1948 

On June 30, 194S, the patient leturned for re-examination A remarkable change 
had taken place in her appearance She had become a beautiful young woman (Fig 7c) 
The hirsutism previously noted was gone , the skin had cleared , the striae had faded, and 
menses had returned to iioi mal She stated that her general health was good except for 
some weakness and occasional lomitmg Both had improved slightly wdien she took salt 
tablets The urmar\ excretion of 17-ketosteioids wms i 6 mg in 24 hours The differ- 
ential count showed 35 pei cent hmphocytes In October, igaS, wdien last heard from, 
the patient was gaining sticngth and improving generally 


T \nLF VI — Ticalittcul licfnir and 'Ijtci Removal of Titmoi of the Adtenal Cortex 

in Ca<:e t 


Day 

Cortical Extract 
(Kendall) 

cc 

Physiologic 
Saline Solution 

cc 

5 Per Cent Glucose 
in Physiologic 
Saline Solution 

cc 

5 Per Cent Solution 
of Glucose 

cc 

PreopcratiN e 





0 

10 

500 



Postoperati\ e 





1 

22 5* 

800’' 



2 

15 



750 

3 

20 


1 ooot 


4 

10 




S 

lot 





* 7 5 cc of the cortical extract and 300 cc of phjsiologic saline solution were given 
intra\enousl> during operation 

t Also contained 0 5 per cent sodium citrate 

t tdministrntion of cortical extract was decreased gradually after the fifth post- 
operatne da\ and was stopped on the thirteenth day 


Case 5 —The patient, a male child 1 5 months of age, was first seen at the clinic on 
April 17, 1942 Foi three months a marked change of physical features had been noticed 
The child had gained 3 pounds (14 Kg ) The face had become obese and hair had 
appeared on the face, body and gemtaha There had been an enlargement of the penis 
Physical examination at the clinic revealed an obese infant w'lth hirsutism involving 
the face, tliorax, back and pubic area, facial acne, a w'ell-developed penis and descended 
testes He weighed 26 pounds (118 Kg) and was 28 inches (71 i cm ) tall (Fig 9a) 
The blood pressure w'as 1 10 mm of mercury systolic and 70 diastolic 

Laboratorj^ studies revealed alkaline urine, and 16 6 Gm of hemoglobin per 100 cc 
of blood Erythrocytes numbered 4,810,000 and the leukocytes 19,600 The differential 
count was normal there were 41 per cent lymphocytes Roentgenograms of the thorax 
and skull revealed nothing abnormal Roentgenologic studies of the bones revealed only 
conditions compatible w'lth the patient’s age The urinary excretion of 17-ketosteroids 
was 4 I mg in 24 hours This may be compared with a postoperative excretion of o 2 mg 
>n 24 hours 

On the morning of the operation the patient was given subcutaneously 500 cc of saline 
solution to which had been added 10 cc of cortical extract (Kendall) On May i, 1942, 
the left adrenal gland was explored through a posterolumbar incision and found to be 
smaller than normal The incision was closed and a similar incision was made on the 
right side An ovoid and globular encapsulated tumor w'as removed from the adrenal 
gland on this side The specimen measured 6 by 5 by 2 5 cm and weighed 40 Gm 
Microscopic examination revealed a cortical adenocarcinoma of low^ grade 2 

The preoperative and postoperative treatment employed m this case for the preven- 
tion of adrenocortical insufficiency is summarized in Table VI 
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The patient was dismissed on the 2 1st postoperative day after responding to the 
treatment outlined The wound had healed after slight drainage and the patient’s general 
condition was good 

On February 8, 1943, the child returned to the clinic His appearance had returned 
to normal (Fig gb) and he seemed to be in excellent health He weighed 2754 pounds 
(125 Kg ) and was 33?^ niches (85 7 cm ) tall The urinary excretion of 17-ketosteroids 










t 


Fig 9 (Case 5) — (a) Before, and (b) nine months after, removal of the 
tumor of the right adrenal cortex 

I 

was o 2 mg in 24 hours In August, 1943, correspondence with the family revealed that 
the child was apparently well except for some intermittent slight drainage from a 
part in the wound In March, 1949, a letter from the child’s father stated that all 
evidence of the trouble due to the adrenal cortical tumor had disappeared The boy, at 
the age of eight years, appeared to be growing and developing normally 

Case 6 — The patient, a woman 42 years old, was seen at the clinic on February 19. 
1948 For two years she had had an increasinglj^ severe lumbar backache and occipita 
headaches, and she had gained 20 pounds (91 Kg ) For the year and a half before er 
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admission she had been bedridden part of the time because of the severe backache and 
headadies Slie fatigued easilj’- and lost tlie 20 pounds which she had previously gained 
Pohdipsia and poljuria had de\ eloped Sik months before her admission she noticed an 
increased growth of hair on the upper hp The hair had become darker and there was 
hair on the cheeks and face The facial features had thickened, the voice coarsened and 
menses had ceased 

On physical examination the patient was 4 feet iop2 inches (i486 cm ) in height and 
weighed 107 pounds (48 5 Kg ) The blood pressure was 202 mm of mercury systolic 
and 132 diastolic Hirsutism of the face and extremities and a dry coarse skin were 
present (Fig 10) Ecchjmosis was pres- 
ent at the site of ^enlpuncture Theie 
was tenderness in the right upper quad- 
rant and the right costo\ ertebral angle 
No mass could be felt The legs ^\ere so 
weak that she had difficult} in stepping up 
on the examining table The clinical pic- 
ture ivas a mixed one, including featuies 
of both Cushing’s sindrome and the 
adrenogenital syndrome 

Roentgenograms of the thorax and 
skull reiealed no abnormalit} Those of 
the lumbar portion of the spinal column 
showed slight h}'pertrophic changes The 
urine contained albumin, grade 2, and i to 
8 er} tliroc} tes, and 3 to 20 pus cells per 
high-power field There were 13 7 Gm of 
hemoglobin per 100 cc of blood, and 4,- 
440,000 er}throcytes and 10,700 leuko- 
cytes (165 per cent l}mphoc}tes) per 
cubic millimeter The sedimentation rate 
by the Westergren method was 66 mm 
at the end of one hour The lalue for 
serum potassium w'as 2 i mEq , for serum 
chlorides, 8 9 mEq and for serum sodium 
142 mEq per liter The concentration of 
blood urea wms id mg and of sugar 100 
mg per 100 cc of blood A glucose-tolerance test show'ed a diabetic type of curve The 
excretory urogram showed a soft-tissue mass, 5 by 6 cm , adjacent to the superior pole 
of the right kidney and displacing it downward Before opeiation 3 2 mg of ly^ketoate- 
roids, 30 rat units of estrin and 1 04 mg of corticosteroids were excreted per 24 
hours, and more than five rat units of prolan were present per liter of urine These values 
may be compared to a postoperative measurement of o 5 ^nd later 2 i mg of 17-ketoste- 
roids, 15 rat units of estrin and o 438 mg of corticosteroids excreted in 24 hours, 
together w'lth less than five rat units of prolan per liter of urine 

On February 28, 1948, through a right posterolumbar incision, an adrenal tumor was 
exposed The 12th rib was resected for better exposure and a small opening w^as inadver- 
tently made m the pleura, which w'as immediately sutured The tumor and all of the 
right adrenal gland were removed After operation 35° cc of air were aspirated from 
the right pleural cavity, which resulted m complete expansion of the lung as indicated by 
the roentgenogram 

The pathologist reported that the tumor was 8 cm m diameter and w eighed 100 Gm 
On microscopic examination it was found to be a cortical adenocarcinoma, grade 3 The 
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Fig 10 (Case 6 ) — Before removal of 
the adenocarcinoma of the right adrenal cor- 
tex This patient presented a mixed clinical 
picture, including features of the adreno- 
genital syndrome and Cushing’s syndrome 
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capsule was not intact, and because of this it was felt that the ultimate prognosis was 
probably poor 

Before the operation and for several days after it, the patient received treatment for 
the prevention of adrenocortical insufficiency following excision of the tumor This is 
summanred in Table VII It is to be noted that potassium chloride was incorporated in 
the fluid given intravenously because of the finding of a low level of serum potassium 
before the operation Recovery was uneientful except for slight anorexia on the eighth 
postoperative day and slight drainage from the wound There was some anemia after 
operation, for which ferrous sulfate was prescribed 

In May, 1948, the patient wrote that her condition was good, that the excess hair was 
disappeai ing, and that her face now appealed normal In September, 1948, a letter from 


Table VII — TtcafineiU Bcfotc and dftci Rctito^’al of flic Tiimoi of flic 4dieiial Cortex 

111 Case 6 


Da> 

P 0 

Cortical Extract 
(Kendall) 
cc 

S Per Cent Glucose in 

Physiologic Saline Solution 
cc. 

0 

50 

1 000 

1 

60 

2 000* 

2 

30 

1 ooot 

3 

60 

2 ooot 


* 1 5 Gm of potassium chloride was added to each liter of fluid because of the low 
preoperative level of serum potassium 
t 2 0 Gm of potassium chloride was added to each liter of fluid 


her sister revealed the patient to be in critical condition and not expected to live It was 
thought that her condition w'as due to recurrence of the tumor of the adrenal cortex 

Case 7 — The patient, a divorced woman age 50 years, came to the clinic on July 12, 
1948 She had undergone hysterectomy and oophorectomy in 1944 One j^ear before her 
admission to the hospital, hypertension w'as found on a loutine examination elsewdiere 
At that time she had noted fullness of the face and neck Her friends commented on how^ 
fat she was, although she had not gained w'eight Six months before her admission she 
was given phenobarbital and injections of testosterone Red spots developed on her right 
arm, which persisted after this treatment w'as stopped Thiee months before her admission 
d heightened color and roundness of her face had become quite conspicuous and she began 
to tire more easily 

Physical examination at the clinic showed her face to be round and high-colored, 
with fine light hirsutism The blood piessure was i/O mm of mercurj^ systolic and 100 
diastolic, and the body weight was 128 pounds (58 i Kg) The skin on the extremities 
was thin, and several ecchymotic areas were present The extremities w'ere thin, and there 
\ras a cervicothoracic hump The clinical picture W'as that of Cushing’s syndrome 

The urine was acid m reaction The blood contained 130 Gm of hemoglobin per 
100 cc and 4,160,000 erythrocytes and 11,400 leukocytes (27 per cent lymphocytes) per 
cubic millimeter The sedimentation rate ivas 27 mm in one hour by the Westergren 
method The basal metabolic rate was —13 per cent The concentration of blood urea w'as 
28 mg, of serum chlorides lot mEq per liter, of sodium 149 mEq per liter, of serum 
potassium 4 2 mEq per liter and of sugar 95 mg per 100 cc The carbon-dioxide com- 
bining power of the plasma was 29 i mEq per liter Roentgenograms show'ed diffuse 
osteoporosis of the skull with a normal sella turcica, slight osteoporosis of the entire 
spinal column and nothing abnormal in the thorax An excretory urogram revealed essen- 
tially normal conditions The amount of 17-ketosteroids excreted in the urine w'as 4 9 a”'' 

696 





\olum6 129 
Number 5 


HYPERFUNCTIONING TUMORS OF THE ADRENAL CORTEX 


6 7 mg in 24 hours on two determinations No estrm was demonstrated m the urine 
More than e rat units of prolan were found per liter of urine, and i 59 mg of cort- 
icosteroids was excreted in 24 hours These amounts may be compared with the postoper- 
ative findings of 09 and later 07 mg of 17-keto'steroids, and 025 mg of corticosteroids 
excreted in 24 hours 

The patient was given 20 cc of cortical extract (Kendall) intramuscularly on August 
29 and operation \\'as performed on August 30, 1948 The left adrenal gland was exposed 
through a posterolumbar incision No adrenal tumor was found The wound was closed 
and a similar one was made on the right An adenoma 2 5 cm in diameter was found in 
the lower pole of the nght adrenal gland and removed The pathologist reported the 
tissue removed from the right adrenal gland w’-eighed 7 25 Gm and microscopic examin- 
ation show'ed a hyperplastic adenoma 

Treatment before and after removal of the tumor is outlined in Table VIII The 
patient exhibited no symptoms wdiich could be ascribed wuth certainty to adrenocortical 
insufficiencj^ and the earh-- postoperative course w'as uneventful On the eighth day after 


T\ble VIII — Treatment Befoie and After Removal of Twnoi of the Adrenal Cottex 

m Case 7 

Day 

Cortical Extract 
(Kendall) 

cc 

5 Per Cent Glucose 
in Physiologic 
Saline Solution 

cc 

5 Per Cent Solution 
of Glucose 

cc 

Preoperativ e 



1 

20 



0 

40 

1 000 


Postoperatu e 

••1 


1 

110 

1.000 

1 000 

2 

80 

1 000 

2 000 

3 

20 

1 000 


4 

30 



5 

20 



6 

10 




operation, however, she began to experience nausea, anorexia and lassitude* These 
symptoms were still present when she was permitted to return to her home on September 
16, 1948, 18 days after operation 

The patient returned for re-examination on January 3 » ^949 Nausea and anorexia 
had persisted at home until the latter part of November, 1948, and her weight had 
declined to 105 pounds (47 6 Kg ) By about the middle of November all the features of 
Cushing’s syndrome had disappeared With the subsidence of these features she had begun 
to experience aching pam and stiffness in the fingers, elbows, shoulders, knees and feet 
These symptoms were present when she returned for re-examination 

Examination disclosed nothing to suggest that the patient had ever had Cushings 
syndrome The blood pressure was 115 mm of mercury systolic and 72 diastolic She 
weighed 113 pounds (51 3 Kg ) It was felt that the clinical picture with respect to the 
joints was probably that of periarticular fibrositis, but the elevation of the sedimentation 
rate of erythrocytes to 40 mm in one hour by the Westergren method suggested that the 
condition might be early rheumatoid arthritis The urinary excretion of 17-ketosteroids 
w^s 16 mg m 24 hours, while the corticosteroids measured 035 mg The leuko- 
cytes, 39 5 per cent of which were lymphocytes, numbered 7,300 per cubic millimeter of 
blood A glucose-tolerance test r evealed a normal blood-sugar curve Roentgenograms 

* This type of postoperative reaction as it was observed m four patients following 
subtotal adreLlectomy for Cushing’s syndrome has been described in detail b^ Kepler 
Sprague, Mason and Pow’^er ‘ 
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of the skull showed much less osteoporosis than had been evident in the roentgenograms 
made in July, 1947 Roentgenograms of the right hand showed soft-tissue swelling of 
the proximal mterphalangeal joints, with minimal destructive changes consistent with 
rheumatoid arthritis 

Case 8 — The patient, a girl 40 months of age, was seen at the clinic on September 
9, 1947 When she was two years of age her mother had noticed enlargement of the 
child’s clitoris At the age of 35 months pubic hair was noted Since the age of 32 months 
her habitus and face had been plumper than previously 



Fig ii (Case 8) — (a) Immediately following, and (b) six months after 
removal of the carcinoma of the right adrenal cortex 


Physical examination at the clinic revealed that the child had a round face, a slight 
amount of pubic hair and a clitoris i inch (25 cm ) long (Figs iia and 12) Otherwise 
the physical examination gave essentially negative results Laboratory examination 
revealed normal urine and 14 i Gm of hemoglobin per 100 cc of blood Roentgenograms 
of the head and thorax showed no abnormality and those of the bones showed development 
consistent with an age of 45 months The quantity of 17-ketosteroids excreted m e 
urine m 24 hours was 62 mg 
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The child returned home and was brought back to the clinic for further observation 
three months later, on December 4, 1947 Symptoms and physical findings had not 
changed The urinary excretion of r7-ketosteioids was 6 8 mg m 24 hours 

The patient was prepaied for operation by intramuscular administration of 10 cc of 
cortical extract (Kendall) the eNening before the operation and of an additional 10 cc on 
the morning of the operation On Decembei 5, 1947, the left adrenal gland was exposed 
through a posterolunibar incision and 
found to be a third of the usual size The 
right side was then explored and a multi- 
locular tumor of three components, each 
2 5 cm in diameter, w as seen and re- 
mo\ed The pathologist reported that the 
lesion was a senii-encapsulatcd partly 
solid and partK cystic hemorrhagic car- 
cinoma of the adrenal cortex of low grade 
2, it weighed 36 Gm 

Following the operation, the child 
was treated with cortical extract (Ken- 
dall) and solutions of sodium chloride 
and glucose (Tabic TX) No signs of 
adrenocortical insufficiency were obser\ ed 
Her coni alescence was uneventful Ten 
days after excision of the tumor the un- 
narj excretion of 17-kctosteroids was 03 
mg and that of cortin-hkc substances w'as 
0 165 mg in 24 hours 


Fig 


12 (Case 8) — Pubic hair and enlarge- 
ment of the clitoris 


Table IX — Ticaiment Bcfoic and dftcj 

ill 

Removal of Tnmoi 
Case S 

of the Adienal Co)tex 

Day 

Cortical Extract 
(Kendall) 
cc 

S Per Cent Glucose 

in Physiologic 5 Per Cent Solution 

Saline Solution of Glucose 

cc cc 

Preopentive 




1 

10 



0 

10 



Postoperative 



1 

35 

800 


2 

30 

200 

sOO 

3 

30 

400 


4 

20 



5 

20 



6 

1 J 



7 

10 



8 

5 





On June 8, 1948, the patient w^as brought back to the clinic Her mother stated that 
the child had been 111 good health except for one bout of nausea and vomiting There had 
been a change in her general appearance, so that her face and body habitus were much 
more slender than formerly (Fig nb) The urinary excretion of 17-ketosteroids w^as o 

SUMMARY 

The clinical pictures associated with hyperfunction of the adrenal cortex 
are extremely protean in natuie and presumably depend upon the type and 
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the quantity of steroid hoi moiies produced, the age and sex of the patient and 
perhaps on other factors 

For patients piesenting clinical syndromes known to be associated with 
hypeifunction of the adienal cortex, the problem of differentiating between 
tumor and hyperplasia has been simplified, though not entiiely solved, by 
methods of urinaiy assa}' 

The puipose of the piesent paper is to piesent a group of eight cases of 
pioved tumois of the adrenal coitex which exemplify some of the problems 
encountered in diagnosis and suigical treatment These cases supplement the 
ten cases lepoited in 1934 and the seven reported m 1938 

At the time of these earhei reports, methods for assay of ui inary steroids 
were either unknown or were in an early stage of development and little was 
known of the effects of pure adrenal steroid hormones 

Desoxycoiticosteione has its eftect upon salt-and-w atei metabolism, Com- 
pounds A, B, E and F ot Kendall on carbohydrate and protein metabolism , and 
the fiist two on fat metabolism Androstenedion and andrenosterone . estrone 
and progesteione ha\e androgenic, estrogenic and progestational effects, 
respectively 

Edema, hypertension and congestive heart failure may result from retention 
of salt and watei and loss of potassium mav lead to profound muscular 
weakness 

Overpioduction of hormones having physiologic effects like Compound 
E and Compound F may explain the diabetes mellitus the negative nitrogen 
balance, the musculai weakness, the osteopoiosis the thinning of skin and the 
ecchymosis, and the effect of lymphoid tissue may explain the leukopenia 
which is chaiacteiistic of Cushing’s syndrome 

Virilism, hirutism, baldness, amenorihea floirid skin hypertrophy of the 
clitoris, acne, masculinwation of the voice in w'omen and alteration of the 
habitus in the dii ection of masculinity might result from the production of an 
excessive amount of androgenic mateiial by an adrenocortical tumor and 
likewise the occurrence of sexual and somatic precocity 111 children 

Overproduction of estiogens and of compounds having an action like that 
of progesterone may explain the vaginal bleeding and sexual precocity m girls 
who have tumors of the adrenal cortex and the occurrence of impotence and 
gynecomastia m men 

Lastly, and of extieine impoitance, is the fact that a patient wnth a hyper- 
functioning tumor of the adrenal cortex and virilism is likely to exciete a large 
amount of 17-ketosteioids in the mine and, on the contrary if evidence of 
virilism IS minimal or lacking, as in Cushing’s syndrome, the excretion of 
1 7-keto steroids may not be elevated 

REFERENCES 

^ Cushing, H Basophil Adenomas of Pituitary Body and Their Clinical Manifestations 
(Pituitary Basophilism) Bull Johns Hopkins Hosp, 50 i37-i95, March, i 932 
2 Dorfman, R I , A M Potts and M L Feil Studies on the Bioassay of Hormones , 
the Use of Radiosodium for the Detection of Small Quantities of Desoxvcorticos 
terone Endocrinology, 41 464-469 1947 

700 



^olume 129 
Number 5 


HYPERFUNCTIONING lUMORS OF THE ADRENAL CORTEX 


3 Engstrom, W W Nature and Significance of Neutial Steroids in Human Urine in 
Normal and m Abnormal States with a Piehmmary Consideration of the Adrenal 
and Gonadal Steroids and the Factors Which Influence Their Secretion and Biolog- 
ical Action Yale J Biol &. Med , 2i 21-85, 1948 
^ Kendall, E C Discussion In Reifenstein, E C,Jr Confeience on Metabolic Aspects 
of Coin alescence Including Bone and Wound Healing Piivately printed, Josiah 
Macy, Jr, Foundation, 10 85-97, 1945 

’ Kenyon, A T Adrenal Coitical Tumors — Physiologic Considerations Surgery, 16 
194-232, 1944 

' Kepler, E J, and H L Mason Relation of Urinary Steioids to the Diagnosis of 
A.drenal Cortical Tumois and Adienal Cortical Hyperplasia Quantitative and 
Isolation Studies J Clin Endocrinol , 7 543-558, 1947 
Kepler, E J, R G Spiague, H L Mason and M H Power The Pathologic Physio 
logi of Adienal Cortical Tumors and Cushing’s Syndrome In Recent Progress m 
Hormone Research, The Proceedings of the Laurentian Hormone Confeience New 
\ork, Academic Press, Inc, Publishers, 194S, 2 345-389 
3 Kochakian, C D Personal communication to the authois 

' Lowenstem, B E, A C Corcoran and I H Page Determination of Corticosteroids 
in Urine (Abstr ) Endocrinology, 39 82, 1946 
Ragan, Charles, T W Ferrebee, P Ph3'fe, D W Atchley and R F Loeb A Syn- 
drome of Polydipsia and Polyuria Induced m Normal Animals by Desoxycorticos- 
terone Acetate Am J Physiol , 131 73-/8, 1940 
” Sprague, R G, E J Kepler, F R Keating, Jr, and AI H Power Coexisting Addi- 
son’s Disease and Diabetes Melhtus Comparative Effects of Compound E (17- 
Hydro\y-ii-Dehydrocorticosterone) and Allied Substances in Three Cases (Absti ) 
J Clin Investigation, 26 1198, 1947 
Thorn, G \V Personal communication to the authois 

Venning, Eleanor H , V E Kazmin and J C Bell Biological Assay of Adrenal 
Corticoids Endocrinology, 38 78-89, 1946 
Walters, Waltman, and E J Kepler Adrenal Cortical Tumors and Their Treatment 
a Study of Seven Operated Cases Ann Surg, 107 881-898, 1938 
Walters, Waltman, R M AVilder and E J Kepler The Suprarenal Cortical Syndrome 
With Presentation of Ten Cases Ann Surg, 100 670-688, 1934 
White, Abraham, and T F Dougheity The Pituitary Adrenotrophic Hormone Con- 
trol of the Rate of Release of Serum Globulins From Lymphoid Tissue Endo- 
crinology, 36 207-217, 1945 


INDICATIONS AND RESULTS OF SPLENECTOMY* 
Wakren H Cole, M D , Leroy Walter, M D , 

AND 

Louis R Limarzi, M D 

Chicago, III 

tROM THC DEPARTMENTS OF SURGERT AND INTERNAL MEDICINE UNIVERSITT OF ILLINOIS 
COLLEGE or MEDICINE AND THE RESEARCH AND EDUCATIONAL HOSPITALS 
CHICAGO ILLINOIS 

In SPirn or ihe tact that much progress has been made m the diagnosis 
and treatment of splenic disease during the past few decades, there is still 
considerable contioversy in this subject, particularly concerning the indications 
foi splenectomy Thrombocytopenic purpura illustrates this point well, 
since m many instances, the disease is of the secondary (symptomatic) type 
in which splenectomy is rarely eftectual 

FUNCTIONS OF THE SPLEEN 

The functions of the spleen are but incompletely elucidated, but a knowledge 
of its function is essential m considering indications and contraindications of 
splenectomy More is known of the adverse physiologic effects of a diseased 
spleen on the organism than of the functions of the normal spleen 

The removal of the noiinal spleen apparently does not have any detrimental 
consequences on the geneial w^ell-bemg of the patient Certain of its normal 
functions w'hich it shaies with other hemopoietic organs can be quickly taken 
over after extiipation of the spleen On the other hand, the spleen in certain 
pathologic states may develop unusual importance and even become injurious 
to life 

Normal Functions of the Spleen The spleen contains the largest collection 
of lymphoid tissue in the body and tlie bulk of the reticulo-endothelial cells It 
is intimately concerned zmth ied blood cell desti nctwn (almost one trillion per 
day) and potentially with blood fo) motion, although the physiologic mechanism 
involved in these splenic functions is not knowm In fetal life, the spleen is 
active in the foi motion of all types of blood cells and can revert to this function 
upon demand at any period of life In the adult this activity is limited to the 
pi oduction of lymphocytes and monocytes The spleen actively participates 
in the elimination of eiythiocytes and the products of their disintegration, 
togethei wath bacteria and other foreign matter It is interesting to note that 
this normal piocess of red blood cell destruction is greatly increased in certain 
pathologic conditions In some unknown way the spleen renders ciicidating 
erythi ocytes moi e fi agile By the reticulo-endothelium of the spleen the hemo- 
globin from worn-out erythrocytes is converted into bilirubin for passage to 
the liver 

Much of the iron m the body is stored m the spleen, where it is available for 

* Read before the Southern Surgical Association at White Sulphur Springs, W Va , 
December 7, 1948 
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the elaboration of hemoglobin and the foimation of new red blood cells The 
spleen, by virtue of its spong}^ network of pulp elements, serves as a controllable 
blood leservoir, thus aiding the circulation when demand for blood is increased 

The spleen exeits an inluhitoiy action on the hemopoietic junction of the 
bone nta) i ozu, as evidenced by the almost constant occurrence of thrombocy- 
tosis and leukocytosis following splenectomy Other probable functions of the 
spleen are i elated to immunity, filtration of bacteria from the blood stream, 
digestion, metabolism and tumor formation 

Ahnoi lual Functions of the Spleen In reality, the abnormal functions are 
much nioi e important to the clinician than the normal functions Most of these 
abnormal functions aie i elated to ovei activity of one or more of the normal 
functions, thus giving rise to the term hypersplenism The functions most 
often becoming abnormal or overactive are the inhibiting effect on the bone 
marrow and the inciease in fi agility of the red blood cells If the inhibition 
on the bone marrow affects platelet formation (which probably is a failure of 
maturation of megakaryocytes to platelets, secondary to some chemical product 
formed abnormally by the spleen), thrombocytopenic purpura is produced In 
hemolytic anemia the fragility of the erythrocytes, particularly the spherocyte, 
IS increased, thus giving rise to sufficient erythrocytic destruction to produce 
anemia and jaundice, the latter from increased formation of bilirubin from the 
hemoglobin of destroyed red cells 

If the bone marrow inhibition is limited to formation of neutrophiles {le 
granulocytic maturation), the disease is known as splenic neutropenia 

Vaiious combinations of the above abnormalities are encountered When 
all three are present the disease is designated as panhematocytopenia In Banti’s 
disease, and Felty’s disease the inhibition of granulocytic maturation is also 
present, although in these diseases other abnormal features, as described later, 
are encountered 

The cellular elements of the blood may be formed in excess by the spleen 
When the white cells are involved, one of the types of leukemia will result 

Effects of Removal of the Spleen Removal of the spleen normally results 
in certain changes in the cellular elements of the blood or changes in the 
physiology For example, leukocytosis and thrombocytosis regularly follow 
splenectomy These changes reach a peak in 6 to 14 days and then slowly 
revert to normal There is also a temporary slight increase in the erythrocyte 
count The platelets may increase from a normal figure varying between 
200,000 and 400,000 to 1,500,000 If the increase approaches the last figure 
named, it is desirable to give an anticoagulant such as heparin (Norcross’-), 
particularly if the splenectomy has been performed for Banti’s disease, because 
thrombosis (venous) and emboli (pulmonic) are so apt to develop There is 
no greater tendency foi an increase in the platelet count in Banti’s disease than 
any other disease, but the stasis of blood in the portal vein and remnant of the 
splenic vein makes thrombosis at one of these sites more likely The effects of 
splenectomy on bone marrow constituents have been described by Limarzi 
and associates ” 
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CO-OPERATION BETWEEN THE SURGEON AND THE HEMATOLOGIST 

It IS highly essential that close co-opeiation between the surgeon and the 
hematologist be maintained with eveiy patient upon whom splenectomy is 
contemplated, particularly if indications are not definite As a matter of fact, 
indications can laiely be classified as positive unless the results of a steinal 
puncture are known The necessity of skill in the interpretation of bone mar- 
lou smears is the impoitant factoi demanding co-operation betueen the two 
clinicians mentioned 1 he technic of stei nal puncture and interpretation ot 
smears has been desciibed elsewheie by Limarri and associates 

INDICVTIONS FOR SPLENECTOMl 

I Hemolytic Jaundice There aie two types of hemolytic jaundice, nameh 
congenital (familial) and acqimed Because results of splenectomy m the 
acquired tjpe aie so unsatisfactory, it is essential to differentiate between these 
two conditions In the congenital type several memliets of a family may be 
affected, and the condition may be traced back through several generations 
In the aveiage case there is little interference with the well-being of the patient 
except for the maiked yellow coloration of the skin and sclera and a slight 
anemia Sjmptoms aie occasionally not noted until adult life 

Splenomegal) , jaundice, anemia, microspherocytosis and increased fragility 
of the red cells m hypotonic salt solution are the prominent manifestations of 
congenital familial jaundice, i eticulocytosis and increased urobilinogenuria are 
Ubualljr noted The spleen is usually greatly enlarged and may be ten time'- 
laiger than noimal One-half to two-thiids of the patients have gallstones 
( Pembei ton^) The tendency of the spleen to filter out and destroy the spheio- 
cytes (consistently piesent m the disease) is lesponsible for the jaundice and 
splenomegaty (Haden'’) The bone marrow' reveals hyperplasia of the myeloid, 
erjthyioid and megakaiocytic elements, although in this disease the marrow 
findings cannot be considered diagnostic The increase m bone maiiow' activit) 
results in an increase of nucleated led cells (especially reticulated red cells) 
up to 10 per cent m the blood 

The manifestations of acquned hemolytic jaundice aie veiy snnilai to those 
of the congenital type as described above Acquired hemolytic anemia may 
result from circulating hemotysins such as may follow' the lepeated transfusion 
of an Rh negative patient with Rh positive blood or the activation of a specific 
hemolysin in some syphilitic peisons by exposuie to cold, severe burns 
bacterial infections (especially those due to anaerobic organisms) oi snake 
venom Lederer’s anemia is an atypical (acquned) type of acute hemolytic 
anemia secondary to an infectious process It has been found most commoni) 
following respiratory infections among children There may be a palpable 
spleen, spherical microcytosis and increased fragility LedereTs anemia is 
coriected by transfusions of blood Recovery is complete and the condition 
does not recur Parasitic infections such as malaria, poisons such as lead or 
phenylhydrazine and sensitivity to drugs or plants are other etiologic factors 
which must be considered in the diagnosis It must be remembered that hemo' 
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lytic anemia may be a complicating feature of many diseases in which spleno- 
megal} ma} or may not be a characteristic finding, such as Hodgkin’s disease, 
leukemia, myeloid metaplasia of the spleen (agnogenic myeloid metaplasia of 
the spleen), 1} mphosarcoma, carcinomatosis, severe liver damage, dermoid 
cyst of the o\ar}, etc Some of these conditions may be associated with a 
spherocytic t} pe of anemia and increased fragility It is of importance that the 
hemolytic process sometimes disappears following treatment of the associated 
disease, for example, b} the removal of a dermoid cyst Not infrequently (but 
m less than 50 per cent of cases) splenectomy will effect a cure m acquired 
hemolytic aneima, but wnthout affecting the underlying primary condition, such 
as the leukemia, Hodgkin’s disease, etc 

In 35 cases of hemolytic jaundice studied by Watson,® 20 were of the 
microcytic type (familial or congenital) and 15 of the macrocytic (secondary 
or acquired) In only tw'o of the latter group was there increased fragility of 
the red cells in h}pertonic salt solution In this group of 15 with secondary 
jaundice, eight were associated wnth liver disease, three wnth Hodgkin’s disease, 
two w'lth leukemia, one wnth hyperthyroidism and one wnth chronic bleeding 
into an ovarian cyst 

In hemolytic anemia, transfusions commonly produce severe reactions This 
complication gives rise to a serious problem m the treatment of the disease, 
particularly when an acute hemolytic crisis develops However, it is now fairly 
unnersally agreed to submit patients with the congenital type of hemolytic 
jaundice to immediate splenectomy if crisis is present , transfusions should be 
started onty at the end of the operation, after the splenic pedicle has been 
ligated 

Since results are so consistently good and the operative mortality rate so 
low" in the congenital type, this disease represents one in w"hich indications for 
splenectomy are perhaps stronger than in any other disease This is particu- 
larly true if symptoms, especiall) anemia, are manifested in childhood, since 
normal growTh and development may be retarded 

2 Tin omhocytopenic Pm pm a In a consideration as to the indications for 
splenectomy in purpura it is essential to distinguish between primary (Werl- 
hof’s) and secondar}" or symptomatic purpura, since splenectomy is of little or 
no value in the latter condition wdiich may be secondary to drugs, leukemia, 
aplastic anemia, radiation (roentgen and radium), tumors, infections, etc 
Classical manifestations are prolonged bleeding time, nonnal coagulation, 
no clot retraction, low platelet count, anemia, ecchymosis, petechiae and bleed- 
ing from mucous membranes or body orifices The anemia is directly related to 
the Toss of blood and gives rise to such symptoms as w eakness, malaise and loss 
of weight The tourniquet test (blood pressure cuff on arm at diastolic 
pressure for five minutes) is positive Details of differential diagnosis and bone 
marrow studies have been discussed elsewhere (L R L ') In essential (pri- 
mar}") thrombocytopenic purpura the spleen is only slightly" enlarged iMarked 
enlargement of the spleen speaks against primary" thrombocy topenic purpura 
Bone marrow examination is diagnostic, revealing a marked increase in the 
number of immature megakary ocytes w ithout platelet production due presum- 

705 



COLE, WALTER AND LIMARZI 


Annals of Surgcr> 
May 1949 


ably to an inhibiting effect of the spleen (hypersplenisin) on their maturit} 
and release from the bone marrow into the blood stream In fact, the number of 
megakaryocytes in the bone marrow is such a reliable indication of true throm- 
bocytopenic purpura that it may be used as an index of prognosis following 
splenectomy 

The disease has numeious recuirmg cycles and is larely seen under the 
age of 10 or after the age of 40 Hemorrhage (from the uterus, gums, nasal 
septum, etc ) may be seveie and in fact is not uncommonly fatal The authors 
are convinced that severe hemorrhage is a strong indication for immediate 
opeiation and not a contraindication Without question the high operative 
mortality rate noted in such cases in previous years was related to the failure 
to have enough blood available at the time of operation or the failure to give it 
As many as four to six pints of blood may be necessary before the operation is 
started and as many more during and shortly after operation Rapid trans- 
fusion (of the mtra-arterial t^'pe) may' he indicated when bleeding has pro- 
gressed to the shock level 

The disease lesponds so well to splenectomy, and the danger of severe 
hemorrhage is so gieat and unpredictable, that some authorities® advise 
splenectomy m practically all cases, once a definite diagnosis of thrombocyto- 
penic purpura is made 

3 Banh’s Disease Symiptoms vary' considerably m this disease, which 
frequently is difficult to differentiate from cirrhosis of the liver and other dis- 
eases of the liver and spleen The disease has been designated as congestive 
splenomegaly by Rousselot® because of the portal hypertension produced by 
obstruction of portal blood in the liver or vein itself 

Important manifestations are splenomegaly, anemia and leukopenia , jaun- 
dice and ascites developed relatively late Fibrosis is present in the spleen 
and liver, but hepatic cirrhosis is not as pronounced as in the classical atrophic 
cirrhosis Adhesions betw'een the spleen and adjacent structures are more 
dense than m any other disease with splenomegaly' These adhesions are 
usually vascular, the vessels are venous channels shunting blood from the 
portal to the systemic circulation In 43 cases studied by' Borg and Dulin,^'* 
39 per cent had a history of hematemesis 

Bone marrow findings are variable, depending largely upon the stage of the 
disease In the earliest stage the bone marrow shows a myeloid hj'perplasia 
(maturation arrest) and there is a moderate anemia and leukopenia m the 
peripheral blood In the last stage of the disease, in which cirrhosis of the liver 
has developed, the marrow reveals a marked erythroid immaturity as well as 
a maturation arrest of the myeloid tissue and an increase in the number of 
megakaryocytes In a study of 21 cases Limarzi and associates® noted that the 
anemia was normocytic in 16, microcytic in three and macrocytic in two The 
platelet count w'as low in six of the 21 cases The icterus index was elevated 
in about half 

Opinions vary considerably as to whether or not splenectomy is indicated 
in this disease The present authors agree with many authors that splenectomy 
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may ha\e cuiative but nioie often only lemcdial eOects on the disease in eaily 
cases Since hepatic insufikienc) exists, as will usually be levealed by hepatic 
function tests, extensne piepaiatuc tieatment consisting of tiansfusions as 
indicated, high carbolndiate and high piotein diet and vitamin supplementa- 
tion should be instituted befoie opeiation is peifoimed 

In the advanced cases we aie convinced that the opeiative moitahty late is 
so high (5 of 13 m oui senes) that it ovei weighs by a laige maigin any 
benefit pioduced by splenectom\ As a mattei of fact, it is icasonable to expect 
that splenectom} would actually be deleteiious when vascular adhesiom 
between the spleen and abdominal wall exist, since lemoval of the spleen would 
destro) venous channels which cany blood fiom the cngoiged portal system to 
the systemic We aie of the ojiimon that ligation of the splenic artery, with 
piesen'ation of the vasculai adhesions, w'ould diminish the piessuie in the 
portal system, and portal blood would thus have a better opportunity of gaming 
access to the S3’^stennc cii dilation Ligation of the splenic artery is not designed 
to take the place of splenorenal or portacaval shunt wdien either of these oper- 
ations IS indicated 

4 TJuoiubosis 0) Anomalous Obshuclwn of the Splenic Vein There is 
controversy as to w'hether oi not this condition should be classified as a sep- 
arate entity since mam observers believe that a large percentage of patients 
with Banti’s disease have some type of obstruction of the portal or perhaps the 
splenic vein as the etiologic factor They remark that in the early stages of 
Banti’s disease, as in this condition, the liver shows no change. We have no 
final opinion as to whether this condition should or should not be included in 
Banti’s disease, but have been unable to produce an hepatic cirrhosis of the 
Banti’s type experimentally^" by various types of obstruction of the portal and 
splenic veins, we are therefore inclined to classify this lesion separate from 
Banti’s disease We have identified five cases in our scries as thrombosis or 
obstruction of the splenic vein, none of which revealed any fibrosis of the liver 
However, our impressions arc confused by the fact that an additional patient 
with a liver of normal appearance, and a large spleen at the time of operation, 
died 18 months after splenectomy with a large liver f without confirmation of 
autopsy) We classified this patient in the Banti’s group, primarily because 
of the fatal outcome and the unconfirmed report of an enlarged and diseased 
liver obtained from the attending physician We are strongly of the opinion 
that splenectomy in the early stages of spknic vein obstruction should be 
curative, but ccjually convinced that splenectomy in early T»anti s elisease will 
by no means be curative in all ca^es 

The manifestations of ehronlc obstruction of the splenic vein are similar 
to the manifestations of early Banti’s di=c-ace, namely splenomegaly with slight 
and varying degree^ of anemia, leaikopenia and thrombopenia JJemorrhage 
from esophageal varices is common , it v/as pre^^ent in all five cases of our 
series In the-e ca'-e- v/ifh bleeding and many others, roentgen-ray exam- 
ination of the e-opbagu with barium vvill reveal varices Jaundice was not 
present in any of e,iir ea-^ I’one marrov/ findings are similar to those of earh 
Banti’c di'^^a'^*' 
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In thiee of our five cases we were fairly certain that the splenic 
vein was absent oi completely obstructed, since no sizable vein could be found 
even at the hilus However, as has been emphasized by Whipple,^® the presence 
of obstruction, or its location, can not be accurately demonstrated at operation 
in more than half the cases unless injection of diodrast into portal tributaries is 
carried out with the roentgenogram As stated previously, we believe that 
splenectomy will be curative m all cases when performed reasonably early in 
the disease We are likewise of the opinion that most of the patients with 
so-called early Banti’s disease cured by splenectomy are patients with 
obstruction of the splenic vein 

5 F city’s Disease There is likewise controversy as to whether or not this 
syndrome as described by Felty^"* nearly 25 years ago is a separate entity After 
studying the five cases we have classified as such, we aie convinced they cannot 
be classified in any other group, although in leality they do represent cases of 
secondary splenic panhematoc} topenia Foui of the five cases originally 
desciibed by Felty had an anemia, whereas all had a neutropenia, there was no 
record of a platelet count 

The spleen shows reticular hyperplasia and erythrophagocytosis The bone 
mariow is usually hypercellular, predominantly involving the granulocytic 
elements The usual manifestations are chronic deforming (rheumatoid) 
aithiitis, painful joints, anemia, splenomegaly, leukopenia, cutaneous pigmenta- 
tion and lymphadenopathy All of our five cases had an anemia as well as 
neutropenia, two of them also had a thrombocytopenic purpura For this 
reason it appears that our cases, at least, could be classified as splenic pan- 
hematocytopenia, but of the secondary type, since the rheumatoid arthritis 
was an important feature of the disease Although splenectomy, originally per- 
formed by Hanrahan and Miller^'' for the disease in 1932, may not be curative 
in this disease, there was such definite improvement (at least of temporary 
nature) in three of our five cases that we recommend it if the physical condi- 
tion of the patient permits 

6 Splenic Nenti openia This is a relatively rare condition, described m 
1939 by Wiseman and Doan,^® consisting of splenomegaly and peripheral gran- 
ulopenia The disease probably represents a selective form of hypersplenism m 
which the splenic hormones have a deleterious effect on the maturation and 
delivery of granulocytes from the bone marrow to the blood The bone marrow, 
in most cases, reveals a myeloid hyperplasia, which must be demonstrated 
before splenectomy is advised According to Wiseman and Doan, the spleen 
shows clasmatocytosis with excessive phagocytosis of granulocytes Results 
of splenectomy will be very good if the bone marrow shows a normal or 
increased number of normally developing granulocytes in the bone marrow 

7 Primal y Splenic Panhematocytopenia This is likewise a rare disease 
which responds veiy well to splenectomy It may be congenital, acute or even 
secondary to such conditions as Hodgkin’s disease, drug sensitization, Gauch 
er’s disease, etc The disease also represents a type of hypersplenism m whic 
the splenic hormonal functions become exaggerated and result in an inhibitor) 
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eifect on the maturation and delivery of granulocytes, erythrocytes and plate- 
lets from the bone marrow to the blood In some cases the spleen at the same 
time destroys red blood cells excessively , thus, a hemolytic component may be 
added to the three factors just mentioned Examination of the peripheral blood 
reveals a neuti openia, anemia and thrombopenia, or in others words a pancyto- 
penia results Figuratively speaking, the disease is therefore a combination of 
hemolytic anemia, purpura and neutropenia Bone marrow smears show a 
hyperplasia of all marrow elements with normoblasts predominating These 
marrow findings must be demonstrable before a splenectomy is advised 

8 Ruptm e of the Spleen This injury is, of course, an indication for splen- 
ectomy but since it involves no controversial points in the physiologic mechan- 
ism of the spleen, it will not be discussed, and our cases will not be reviewed 
herein 

9 Cysts, Pi immy Twnois and Abscesses These lesions constitute a fairly 
definite indication for splenectomy, although a definite diagnosis can usually be 
made only by exclusion, and then not with a high degree of accuracy In a 
review of this subject, Fowler has noted that some cysts are true cysts of the 
dermoid or lymphangiomatous type whereas the majority (about 8o per cent) 
are false cysts of the hemorrhagic type caused by trauma, inflammation or 
parasites Abscess of the spleen is extremely rare and difficult to diagnose If 
the spleen is not densely adherent, it should be removed, otherwise drainage 
may be the procedure of choice, particularly if it is not necessary to dram 
across the free peritoneal cavity 

MISCELLANEOUS CONDITIONS FOR WHICH SPLENECTOMY 
MAY BE INDICATED 

Of this group of lesions, GaucheCs disease is probably the most important 
The primary pathologic feature of this disease is deposition of a large amount 
of lipoid material m the spleen, bone and lymph nodes Important manifesta- 
tions are splenomegaly, anemia, and pigmentation of the skin, especially over 
the face and neck , the disease is usually observed in young girls Late in the 
disease a large liver develops Reticular cells and foam cells in the bone mar- 
row are fairly diagnostic The bone marrow appears to be just as important 
in the etiology as is the spleen, which explains why splenectomy is only palli- 
ative Occasionally panheinatopenia develops, on which occasion splenectomy 
is definitely indicated In the absence of this complication, splenectomy is 
rarely indicated in late cases 

Not infrequently in massive operations for malignant tumors such as 
carcinoma of the cardiac end of the stomach, the operation is made much easier 
if the spleen is lemoved zvith the stomach and omentum 

Ptosis of the spleen is occasionally an indication for its remo\al, but usually 
only when it is enlarged by some secondarj^ process as it was in one of our 
patients with early Banti’s disease 

Occasionally ntalai la constitutes an indication for splenectomy but only when 
the disease is completely eradicated and the residual enlargement of the spleen 
is so marked as to give rise to symptoms because of its size When recurring 
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attacks of malaria develop m spite of adequate therapy, and a large spleen is 
present, it may be justifiable to remove the organ, hoping to eliminate the site 
where the malarial organisms remain and give rise to recurrent attacks 

It should be emphasized that it has been largely through trial and error 
for many years past that indications and contraindications have been clarified 
However, it is true that during the past few years the range of indications has 
increased slightly to include lesions m which splenectomy can be considered 
only as palliative This has been brought about through improvements in 
suigical skill and anesthetic technic, better preoperative and postoperative care 
and the use of massive transfusions, sulfonamides and penicillin 

CONTRAINDICATIONS FOR SPLENECTOxMY 

Pernicious anemia, Hodgkin’s disease, leukemia and polycythemia are dis- 
eases for which splenectomy is contraindicated The same may be said for 
agnOgenic myeloid metaplasia (myeloid metaplasia of the spleen) although we 
have one patient m our senes of splenectomies classified as such The reports 
on the value of splenectomy in cases of sickle cell anemia have been contradic- 
tory In the hypertrophic stage, splenectomy has been recommended We have 
obsen^ed no clinical or hematologic benefit from splenectomy in a case reported 
herein and m another case observed before the date when this series was started 
Splenic enlaigement of the acute splenic tumoi type, so commonly seen in cer- 
tain acute infections, is a definite contraindication for splenectomy Spleno- 
megaly due to such parasites as those encountered in tnchinosis, filaiiasis, 
kala-azar and distomiasis constitute contraindications, although splenectomy in 
echinococcus disease may occasionally be justified Obviously, there is no 
justification for splenectomy for mefasfases of malignant tumors 

IMPORTANT POINTS IN THE TECHNIC OF SPLENECTOMY 

It IS not our intention to discuss technic in this presentation, although we 
do wish to emphasize a few of the important features of the operation The 
details of splenectomy have been presented elsewhere by one of us (W H 
C The authors appreciate that any operation may be performed through a 
variety of incisions, but have given up the paramedian incision because expos- 
ure IS so poor, particularly on the lateral side We have adopted an incision 
which starts at the ensiform cartilage as a left paramedian incision, proceeds 
downward and across the rectus muscle, thence lateialty, parallel to the costal 
margin The Singleton incision,^® which may be classified as an oblique trans- 
verse incision, starts in the midepigastric line half way between the ensiform 
and umbilicus, retracting the rectus to the right without cutting it Our objec- 
tion to this incision is that exposure is very poor just under the diaphragm, 
where large vessels are constant in the upper portion of the gastrosplenic liga- 
ment, and In the diaphragmatic attachment when portal hypertension exists 
Any of the oblique transverse incisions, including the one preferred by us, will 
sacrifice the eleventh spinal nerve, but no paralysis will result from section of 
just one spinal nerve The twelfth can readily be retracted laterally and pre- 
served When the spleen is large we have found it to be of great advantage, 
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and frequently a lelief to the surgeon’s blood pressure, to ligate the splenic 
artery as practiced by Singleton and many others The artery can be secured 
through an opening in the gastrohepatic omentum, but we have found it more 
desirable to ligate it at the superior border of the pancreas, where it is found 
readily after incision through the thin posteiioi peritoneum When the artery 
IS large, as will be the case when the spleen is large, exposure of the vessel 
will be most readily obtained A great advantage of preliminary ligation lies in 
the fact that the spleen is emptied of its blood during manipulation incident to 
its mobilization, thus supplying an autogenous transfusion The fascia in any 
incision for splenectomy should be closed with silk or cotton W e have had no 
wound separations or hernias following use of the incision as described herein 
A thoraco-abdominal incision makes splenectomy easier and in difficult cases 
will often be justifiable 


RESULTS OF SPLENECTOMY 

The operative mortality following splenectomy will vary moderately, 
depending to a great extent upon the numbei of patients in the series having 
Banti’s disease It has been noted by practically all authors, as indicated below, 
that the mortality is much greater in Banti’s disease than in any lesion for 
wdnch splenectomy is performed In our total series of 87 splenectomies during 
the past ten years, w e had seven deaths, constituting a mortality of 8 o per cent 
Haden reports an operative mortality of 14 per cent in 56 splenectomies, closely 
resembling a late of 16 6 per cent m 30 patients reported by Singleton Lahey 
and Norcross report a remarkably low^ death rate of 2 2 per cent in 83 patients 
All the above figures are related to splenic disease and do not include patients 
operated upon for rupture of the spleen, nor patients in whom splenectomy was 
performed for malignant disease of some adjacent organ 

Hemolytic Anemia In our series of 28 patients having splenectomy for 
hemolytic anemia, 23 w^ere classified as congenital or familial, the results m 
all of this group can be classified as good to excellent In congenital hemolytic 
jaundice the spherocytes function normally after splenectomy, thus explaining 
why removal of the spleen relieves the jaundice (Haden'^) 

In our series of hemolytic anemias there were five cases of atypical 
(“acquired”) hemolytic anemia of unknowm cause, results m this group are 
very poor In the fiisf case, splenectomy w^as performed in a six-months-old 
infant with acute hemolytic anemia w'lth an erythroblastosis that failed to 
respond to blood transfusions prioi to removal of the spleen The boy is now 
approximately eight years old and presents the blood findings of a chronic 
hemolytic anemia Spheroc) tosis and increased fragility of the red blood cells 
have not been obser\^ed The clinical and hematologic findings are not those of 
Cooley’s or Mediterranean anemia The result is classified as poor 

The second case is that of a 56-year-old wffiite female wnth splenomegaly, 
jaundice and chronic hemolytic anemia, who was subjected to splenectomy m 
1939 She gave a history of frequent upper respirator} infections and temper- 
ature elevations Following the removal of the spleen the hemohtic process 
subsided but the anemia was only moderate!} lmpro^ed This case probabh 
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represents an acquired hemolytic anemia on an infectious basis Although 
splenectomy apparently corrected the hemolytic component, the infection which 
was still present suppressed the hone marrow erythropoiesis Chemotherapy 
had little effect on her phases of temperature elevation which was never abso- 
lutely explained She died in 1948 

The thi 7 d case was a four-year-old white girl with acute hemolytic anemia 
(red blood count as low as 990,000 and a reticulocytosis of 90 per cent) in 
whom the erythrocytes and hemoglobin failed to show any appreciable rise with 
repeated transfusions She was splenectomized with no immediate postoper- 
ative difficulty There was a temporary but definite improvement in the 
hemolytic process Two weeks followung the operation she suddenly became 
w'oise and died 24 hours later wuth w'hat appeared to be a recurrence of the 
acute hemolytic process 

The jouith case of acquired hemolytic anemia w^as a w'hite girl, 15 years 
of age, in whom autohemolysins were demonstrated (Doctor Davidsohn) 
during a hemolytic crisis During the subsiding crisis, wdiich w^as not associated 
wuth an increase in the hemolysin titre, splenectomy w^as performed There 
was an increased fragility of the red blood cells but no microspherocytosis The 
hemolytic process show^ed little improvement following the removal of the 
spleen At the present time the hemolytic condition is unchanged, jaundice has 
become more intense and the livei is now' palpable 

The fifth case of acquired hemolytic anemia is that of a w'hite female, 19 
years of age, w'ho suddenly became ill w'lth an upper respiratory infection and 
developed extreme w'eakness and jaundice An anemia was discovered, for 
which she received 21 transfusions over a period of tw'o weeks, before she w'as 
admitted to the Research and Educational Hospitals There W'as no history of 
taking any medication prior to the onset of the jaundice Although the reticu- 
locyte count W'as 17 pei cent, microspherocytosis and increased fragility of the 
erythrocytes w'ere absent It -was thought that the numerous transfusions may 
have obscured a true spherocytic anemia The spleen, w'hich was tw'o to three 
times normal size (300 Gm ) along with several small accessory spleens, was 
removed shortly after the patient was admitted to the hospital Repeated trans- 
fusions postoperative!}' helped to elevate the hemoglobin and red blood count 
How'ever, shortly after the postoperative transfusions had lost their effect, the 
hemolytic process became as marked as prior to removal of the spleen Ovei a 
period of three and one-half months following splenectomy, the patient received 
approximately 15 transtusions of 500 cc each, as well as a course of strepto- 
mycin for an undetermined fever that was associated with pain and tenderness 
over a palpable liver The patient w'as type A, Rh positive, but this w'as not 
held to be entirely accurate because of the number of transfusions she had 
received and it w'as decided to give her type O, Rh negative blood It is inter- 
esting to note that it w'as finally necessary to give the patient type A, Rh neg 
ative blood, because type O Rh negative blood that w'as available w'as incotn 
patible She finally made an uneventful recovery and has remained w'ell up to 
the present time 


712 



Volume 129 
Number 5 


INDICATIONS AND RESULTS OF SPLENECTOMY 


Thus, of the five cases of atypical or acquired hemolytic anemia having 
splenectomy, two have died , of the remaining three, only one has finally had a 
complete recovery from the unknown hemolytic process These cases serve to 
emphasize an important point, namely, that in patients with acute and chronic 
acquired hemolytic anemias, the prognosis is poor and the mortality high This 
corresponds almost entirely with the experience of Lahey and Norcross, who 
report splenectomy in six patients with hemolytic anemia, but excellent results 
in only one However, good results do follow splenectomy in such cases m a 
few instances, perhaps m a greater percentage than indicated by our results 
At operation the surgeon must search carefully for accessory spleens, as 
has been emphasized by Curtis and associates Persistence or recurrence of 
symptoms may be ascribed to the presence of accessory spleens 

2 Thi ombocytopemc Pui pui a In our series of 26 patients having splenec- 
tomy for thrombocytopenic purpura, we had no operative mortality Results 
were classified as good to excellent in 23 of the 26 In the remaining three, 
results were classified as fair to good One of these had relief from purpura, 
but died a couple of years later with pulmonary tuberculosis The other two 
had good symptomatic but pool hematologic results 

Lahey and Norcross report a recurrence in three of 17 patients having 
splenectomy for purpura In two, the response of platelet rise was slow at first 
but later was fast Wmtrobe reports 16 splenectomies for purpura, three of 
whom died in the hospital, constituting operative deaths All but one of the 
remainder improved sharply In these 13 patients followed after operation, the 
platelets rose rapidly in nine, but rose slowly in four 

As indicated in hemolytic anemia, the operator must search the field around 
the hilus of the spleen and adjacent areas for accessory spleens If there is 
recurrence, thought must always be given to the possibility of a remaining 
accessory spleen, as has been emphasized by Curtis and associates 

3 Banti’s Disease In our series of 13 patients classified as Banti’s disease, 
we had five operative deaths Practically all authors reporting mortality rates 
have had the same experience, namely that nearly all operative deaths occur 
in this group 

Our operative mortality for this group is probably higher than others, 
largely because we have split it into two groups, one of which is listed below as 
obstruction, or anomalies of the splenic vein, in these patients the mortality 
will be very low^ Four of the five patients listed as operative fatalities died of 
postoperative hemorrhage One died of pneumonia and liver insufficiency 
One patient is listed as having only a fair result because of symptoms of 
cirrhosis , another is still having hemorrhages from esophageal varices One 
patient died twm yeais after splenectomy, and another 18 months after splenec- 
tomy We were unable to follow two others The results in the remaining tw'o 
patients can be classified as good to excellent In othei words, only two of the 
II patients followed wath Banti’s disease can be classified as having had good 
to excellent results from splenectoni} 

Borg and Dulin report six operative deaths in 22 cases Three of these died 
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of postoperative hemorrhage Lahey and Norcross report splenectomy in 
25 patients with Banti’s disease with an operative mortality of only eight per 
cent In their series of 12 patients having bleeding from esophageal varices 
before operation only three had recurrences 

4 Till omhosts O'! Anomalous Obstruction of the Splenic Vein There were 
five patients m our series which we described as having obstruction of the 
splenic vein of one type or another As stated previously, many authors 
include this group of patients in with their patients with Banti’s disease 
We have separated them largely because there is such marked difference 
in the results of this group from the Banti’s gi oup described above All five of 
our patients in this group had hemorrhage before operation Four of the five 
patients had an excellent result with no history of hemorrhage since operation 
One listed as having a fair to good result had two attacks of hemorrhage shortly 
after splenectomy, but has not had any hemorrhage for the past two or three 
years Ver)'^ significant is the fact that even though splenectomy has relieved 
the patients of hemoirhage in at least four of the five cases, roentgen-ray 
examination with barium still shows varices present in all 

5 F city's Disease We had no operative mortality in the five patients diag- 
nosed as Felty’s disease However, one patient died about two years after 
splenectomy , autopsy revealed a malignant tumor of the thy mus The remain- 
ing four patients had excellent results although one has had splenectomy so 
recently (six months) that final results are not definite It should be added 
that, although the symptomatic and hematologic results are good in these 
patients, there has been very little improvement in their arthritis 

6 Splenic Neufi openia We have had no patients which we have identified 
m this group However, the hematologic data suggest that results should he 
excellent in the vast majority of patients Preliminary reports from Doan and 
associates reveal good lesults after splenectomy in this condition 

7 Piimaiy Splenic Panhemafocytopenia We have likewise had no patients 
in our series classified in tins group However, it is very possible that our five 
patients classified as Felty’s disease could or should be classified as panhemato- 
cytopenia, but of the secondary'- type For example, Lahey and Norcross 
classify patients with anemia, neutropenia and thrombocytopenic purpura with 
rheumatoid arthritis as patients with secondary panhematocytopenia Like- 
wise, in this condition results should be excellent in the great majority' of 
patients 

8 Results in Miscellaneous Types of Splenomegaly Table i reveals the 
fact that we have performed splenectomy in ten miscellaneous conditions, some 
of which had contraindications or doubtful indications One patient had 
splenectomy for a cyst of the spleen and one for aneurysm of the splenic 
artery, with excellent results The results in one patient with Gaucher s 
disease and one patient with Hodgkin’s disease are classified as fair, but only 
12 and 18 months, respectively, have elapsed since splenectomy One 

with sickle cell anemia and another with atypical hemolytic anemia have a^ 
no improvement since splenectomy One patient operated on for anemia 
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hyperplastic bone mairow of uncertain etiology later showed a myeloid 
leukemia (aleukeimc) The patient is feeling better since splenectomy, but 
only one year has elapsed since operation and a fatal outcome is expected soon 
The patient with atypical aplastic anemia died on the eleventh postoperative 


Table I — Types of Patients for Whom Splenectomy Was Peifoimed 

(Illinois Rcseaich and Educational Hospitals, 1936-1948) 




Results 






Died after 



No 



left 



of 



Hos- Oper 


Disease 

Cases Good Fair 

Poor pital Death 

Remarks 

Hemolytic jaundice 

28 

24 

1 

2 2 1 

5 of this group were acquired hem an 
emia 1 died 9 yrs after op 1 op death 

2 poor result 

Purpura 

26 

23 

3 


1 died of tuberculosis after splenectomy 
but relieved of purpura 2 had good clini- 
cal but poor hematologic result 

Banti s disease 

U 

2 

1 

I 2 S 

4 op deaths due to postop hem 1 fair 
result with symps of cirrhosis 1 died 

2 yrs p 0 with hem , 1 poor result still 
bleeding 1 died 18 mo large liver 2 not 
followed 

Obstruction of splenic vein 

5 

4 

1 


All S cases had preop hem but only 1 
has had postop hem X-ray still shows 






varices 

Felty s disease 

5 

4 


1 

1 patient died 1 yr later with malig 

(Sec panhematocytopenia) 





thymoma 3 patients had little or no im 
provement in arthritis 

Congenital cyst 

1 

1 




Aneurysm splenic artery 

1 

1 




Gaucher s disease 

1 


1 


Only 1 year since splenectomy 

Hodgkin s disease 

1 


1 


Alive and well 18 mos after operation 

Sickle cell anemia 

1 


1 



Atypical hemolytic anemia 

1 


1 



Myeloid leukemia 

1 


I 


At time of op patient had anemia and 
hyperplastic bone marrow — now shows 
leukemia 

Atypical aplastic anemia 

1 



1 

Died on 11th postop day of cerebral 
hemorrhage 

Agnogenic myeloid metaplasia 

1 



1 

Patient had hemolytic process with cel 
lular bone marrow but preop diag not 
possible 

Splenomegaly and anemia ol 






unknown cause 

1 


1 




day of a cerebral hemorrhage In this case there was no evidence of regen- 
eration of platelets following splenectomy We operated on one patient with 
^^^ogenic myeloid metaplasia, which in realit}'^ is a contraindication to splenec- 
tomy It IS well known that it is extremely difficult to make this diagnosis 
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until a section of the spleen is obtainable Operation was performed in this 
case without a positive diagnosis, but because she had a hemolytic process with 
a cellular bone inairow showing a normoblastic reaction in keeping with a 
hemolytic process She died three months after operation with a pericarditis 
One patient with splenomegaly, anemia and gastric hemorrhage of unknown 
etiology had a splenectomy with no improvement in symptoms 

SUMMARY 

The results in four or five of the diseases for which splenectomy is per- 
formed are very good, but are markedly dependent upon the choice of patients 
The best lesults are obtained m hemolytic jaundice and thrombocytopenic pur- 
pura, but even in these diseases extreme care must be exercised in selecting the 
patient So impoi tant are the indications for splenectomy that close co-oper- 


Table II — Morialtlv Rate 

in Spicnccfoinv 



No of 

Oper 

Disease 

Cases 

Deaths 

Hemobtic jaundice 

28 

1 

Thrombocytopenic purpura 

26 

0 

Banti s disease 

13 

s 

Obstruction splenic vein 

5 

0 

Felty s disease (Sec panhematocytopema) 

s 

0 

Miscellaneous diseases (Cyst Gaucher s disease 

atypical aplastic 


anemia etc ) 

10 

1 

Total 

87 

7 

Operative mortality rate 8 0 per cent 




ation between the surgeon and hematologist is essential The data herein pre- 
sented were obtained from our study of 87 patients having had splenectomy 
during the past 12 years 

It is fiequently very difficult to differentiate congenital hemolytic jaundice, 
in nffiich splenectomy is so universally successful, from acquired hemolytic 
jaundice in wffiich pooi results aie so common The anemia m the foimer 
condition is miciocytic and in the latter macrocytic In many of the patients 
with acquiied anemia there is no increase in fragility of the red cells In 2 
patients with hemolytic anemia, results were good to excellent m 23 having t le 
congenital type, but were good m only one of five having acquired hemolytic 
anemia 

Although results will be good in fully 90 per cent of patients having splenec 
tomy for thiombocytopenic purpura, they will rarely be good in secondary or 
symptomatic purpura The best means of differentiation between these two 
conditions is by bone marrow studies A marked increase in megakaryocjtes^i^ 
indicative of thrombocytopenic purpura , this feature is of great prognos ^ 
value In 23 of 26 patients have splenectomy for thrombocytopenic purpur 
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results were good to excellent in 23, and fair to good in three There were no 
operative deaths in this group 

We encountered 13 patients which we classified as Banti’s disease and five 
in \vhom we considered obstruction (anomalous or thrombotic) of the splenic 
vein to be the primary cause of the splenomegaly and portal hypertension 
Some authors classify these two gioups as one, namely portal hypertension, 
but w^e prefer to separate them into the twm groups mentioned, since the 1 esults 
are so different Of 13 patients having Banti’s disease w^e lost five following 
splenectomy In only two weie results good In contrast, four of five cases 
with obstruction of the splenic vein had good results followung splenectomy 
The fifth case is still having occasional hemorrhages from esophageal varices , 
a portacaval shunt is contemplated in this patient W e are now convinced that 
splenectomy should be perfoimed in Banti’s disease only in its earty stages 
Good results were obtained in four out of five patients having Felty’s dis- 
ease, w'hicli ma} also be classified as secondary panhematocytopema, although 
there w'as very little improvement in the arthiitis The fifth case died of a 
malignant thymoma one year aftei splenectomy 

We have had no patients with primary splenic neutropenia or primary 
splenic panhematocytopema, but Doan and associates report good results in 
their cases 

In our entire series of 87 patients upon whom w^e performed splenectomy 
we had seven operative deaths (8 per cent mortality) Five of these seven 
deaths occurred m Banti’s disease, indicating that careful study must be made 
in this disease and splenectomy not be performed if hepatic insufficiency or 
other significant complications are present 
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Discussion — Dr Lon Grove, Atlanta I have before me a summary of a personal 
experience in 52 consecutive splenectomies, covering a period of 20 years from 1927 to 
1948 Four of these were done for trauma and will not be discussed 

Our results in the remaining 48 cases parallel very closely the experience related 
by Doctor Cole I might say here that we are thoroughly in accord with what Doctor 
Cole said about the absolute necessity of having a hematologist of experience associated' 
with you on these cases I do not see how anyone could approach this type of surgery 
without the help of a really experienced hematologist All these cases have been studied 
by a hematologist of experience, most of them by Dr Roy Kracke 

Twenty of this senes were diagnosed as familial jaundice but now, in the light of 
subsequent follow-up, we should change the diagnosis m one patient to-acquired jaundice, 
because she has not done well 

In the purpuras, 13 were diagnosed as idiopathic or primary purpura and one as 
secondary, and we would like to give in some detail the history of this latter patient 
This case of secondary purpura was under observation for a long time Even though 
she showed all the clinical and laboratory findings that would fit a primary purpura, 
including repeated bone marrow studies, with a history of two sisters and one brother 
having died with the disease, we were very hesitant to classify her as a primary purpura 
She responded to no form of conservative treatment and finally was splenectomized 
She did well for a time, but returned in nine months with all the symptoms she had 
shown primanlv, and died from a subdural hemorrhage 

There have been nine patients with Banti’s syndrome, two of whom we have lost 
track of Of the remaining seven, we know five have had subsequent hemorrhages and, 
of that five, three have died It is interesting that one of these patients went nine years 
before he had his first hemorrhage, this occurred approximately a year and a half ago 
and he has not hemorrhaged since This is a poor showing in Banti’s syndrome As you 
see from the age incidence most of these patients were children , the oldest was age ^ 
28 years and the youngest 7 weeks We believe that most of them were diagnosed ear \ 
but, notwithstanding, they have not done well 
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The patient with tumor-fibroangioma was reported before this Association at Biloxi 
111 1936 At that time she was four months of age She has developed normally, has 
shown no evidence of metastases, and I believe we are justified in classifying her as a 
true fibroangioma 

There was one case with so-called primary tuberculosis with no demonstrable 
evidence of a primary lesion She was operated upon because of the enormous size of 
the spleen She made a good convalescence and did well for two years, then declined 
rapidly with evidence of miliary tuberculosis and died 

In the pancytopenia purpuras our experience has been the same as Doctor Cole’s 
One patient died after six months , one died after five years, in another hospital , we were 
unable to get an autopsy but were informed that the diagnosis was atypical leukemia 
The third patient still shows some evidence of anemia with occasional hemorrhage from 
the gastrointestinal tract We have had difficulty in evaluating this case, however, 
because she has a severe radiation proctitis from which she bleeds, and it has been 
difficult to determine the source of her anemia She is still living after approximately 
a year 

As to technic In adults we have preferred the subcostal incision, while in children 
we definitely prefer the left rectus incision, as we think it gives adequate exposure In 
this group of 48 patients who had splenectomies there were no hospital deaths 

Dr G T McCutchen, Columbia, SCI would like to call attention to one fact 
I believe internists and hematologists make a distinction between primary splenic disease 
associated with neutropenia and so-called Felty’s syndrome There has been a very limited 
number of true Felty’s syndrome reported True Felty’s syndrome is characterized by the 
triad of neutropenia, arthritis and splenomegaly Recently I was embarrassed by being 
Ignorant on the subject I saw a patient in consultation with an internist, this woman 
was 80 years of age and, about eight months before, I had opened a huge abscess on her 
shoulder I knew at the time that she had neutropenia but it did not occur to me that 
she might have Felty’s syndrome although she complained of her joints also The 
internist had observed her over a long period in an effort to detect an enlarged spleen 
but could not do so About three months ago he did find an enlarged spleen, and at that 
time splenectomy was done She sailed through it without any trouble and has had no 
recurrence of boils, her arthritis is better, or improved — apparently sometimes it is more 
or less permanent — but the neutropenia, which had been persistent for at least a year of 
observation, within 48 hours returned to normal and has remained so 

I would like to make the distinction that true Felty’s syndrome is, I believe, not 
splenomegaly with neutropenia, but is splenomegaly with neutropenia and arthritis 
That IS the description given by Felty 

Dr. Frank H Lahey, Boston The mortality of splemc diseases for which splenec- 
tomy IS done will be controlled much more largely by the hematologist than by the 
surgeon The mortality will depend upon how well the cases are selected by the 
hematologists The more they deal with these cases the better will the hematologists 
become in aiding in their selection The mortality in splenectomies for diseases of the 
spleen will occur in patients who are m the late stages of Banti’s disease in which the 
operation was probably never indicated, m the cases of hemolytic anemia of the acquired 
variety, in thrombocytopenias which are not truly idiopathic thrombocytopenias, and m 
those cases even of idiopathic thrombocytopenia which have been permitted to progress 
into acute states The mortality will also be in those cases of secondary panhemato- 
Otopenias m which the spleen has become so large and the patient has progressed into 
such a state of depletion that an\ operative procedure will have an associated high 
degree of risk 
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We have just reported in the Annals of Surgery 83 splenectomies with fatality in 
only two cases Both deaths were in patients with late congestive splenomegaly for 
which the operation probably should never have been done, and occurred before we knew 
enough about these states to avoid doing operative procedures 

One thing that our experience has taught us is that once the decision is made by the 
hematologist that the patient with hemolytic anemia, primary neutropenia, idiopathic 
thrombocytopenia, panhematocytopenia or congestive splenomegaly, is a suitable case for 
splenectomy, the sooner the operation is performed the better If one delays, any one 
of these patients can go into an acute phase of the disease so that the opportunity of 
doing a splenectomy with almost no risk is lost, and the situation is then approached 
with a high rate of risk 

Another point I wish to make m connection with our own experience is that hema- 
tologists will have to take the responsibility for the very painstaking and intricate deter- 
minations as to whether the lesion is really of primary origin or secondary to some 
othei cause for which splenectomy would not in any way be helpful 

I do not know of anything that is more interesting in all these splenic states than 
secondary panhematocytopenia It is extremely interesting that anything producing 
enlargement of the spleen can bring about this panhematocytopenic effect and produce 
the three common blood changes that one sees in relation to splenic effects upon bone 
marrow or abnormal red cells, that is, hemolytic anemia, idiopathic thrombocytopenia or 
secondary neutropenia It is extremely interesting to realize that even the enlargement 
which goes with congestive splenomegaly, the tumor infiltration that one sees with Hodg- 
kin’s disease, or the enlargement as a result of the infiltration which one sees with 
Gaucher’s disease, can produce these blood abnormalities which individually can occur ac 
abnormal blood states , but in this state, panhematocytopenic effects can all occur in one 
picture We do not cure Hodgkin’s disease or Gaucher’s disease by splenectomy, but we 
can, temporarily at least, make these patients much better, not only by the removal of 
the large spleen and its pressure effects but also by doing away w'lth these secondary 
blood changes which come with these panhematocytopenic effects of enlargement of 
the spleen 

Regarding Banti’s disease, w'e feel that we may have been hasty in the past in con- 
demning splenectomy entirely Our only fatalities in splenectomy for congestive spleno- 
megaly have been in those done unw'isely in the third stages of the disease In the earlv 
stages we believe that splenectomy still has real value, unless one feels that immediate 
shunt should be done 

There is one other thing w'e have said in a paper recently published on this subject, 
which IS a little dangerous to state, but I believe it is sound When one has a patient 
with splenomegaly of unknown origin, provided there can be no demonstrated cause for 
the splenomegaly by a competent hematologist, and it does not occur m a geographic 
region where malaria and other such diseases are prevalent, then the mortality of splenec- 
tomy is so low that we believe splenectomy is indicated It has been shown that people 
exist well and without difficulty after splenectomy, and such is the hazard of later changes 
in blood states due to a large spleen, that w'e believe, if adequate blood studies have been 
done and nothing has been found, and the patient is a good risk, splenectomy is justifiable 

Dr Frank Wilson, Birmingham In the last tw'o years I have had five cases of 
splenectomy m children at the Children’s Hospital in Birmingham Their ages were 
four years, two years, i6 months, 15 months and, the youngest, eight weeks Our 
ence has been very similar to that of Doctor Cole, in that the hematologist is responsi e, 
to a great extent, for the correct diagnosis in these cases 

One of the cases was a thrombocytopenic purpura, three were familial hemo y^ic 
jaundice, and one was diagnosed as acquired hemolytic jaundice This child was 
oldest m the group and at operation the spleen, approximately twice normal si^,^ wa^ 
removed along with two accessory spleens about 2 centimeters in diameter 
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children except the last one have been entiiely relieved of symptoms This child has 
continued to require transfusions with the intervals getting farther and faithei apart 
We have thought that probably sbe has anotliei accessory spleen which was not found 
at the time of operation 

There were two sisteis with familial hemolytic jaundice, the older i6 months and 
the youngei eight weeks of age Their father had his spleen removed at the age of 13 
and an aunt also had a splenectomy The oldei child’s symptoms appeared very early, 
but as her father was a paiatroopei in Geimany we waited for his return home before 
operating on her at 16 months of age After the father returned, the mother soon 
became piegnant and the second child, a girl, was born She obviously had hemolytic 
jaundice, which was diagnosed soon after birth, and we were unable to keep her blood 
count up without a transfusion at least once a week 

The mothei was much concerned because of the economic phase and the cost of 
transfusions, and she wanted to know whether or not we could operate on this child 
as soon as possible We had never done a splenectomy on a child so young, but we 
decided to operate on her at the age of eight weeks The mother is again pregnant and 
IS most anxious to know what can be done for her child and how soon the spleen can be 
taken out, provided the child is born with familial hemolytic jaundice 

These children upon whom we have operated have all made an uneventful postoperative 
lecovery with no postoperative complications 

We have taken all these spleens out through a subcostal incision, as described by 
Doctor Cole, with the left shoulder slightly elevated, and I think it makes the operation 
a great deal less difficult than with a right rectus incision 

Dr Robert S Sparkman, Dallas I wish to make a few remarks concerning 
Gaucher’s disease, which Doctor Cole has listed as an occasional indication for splenec- 
tomy Our interest in this condition has been stimulated by the fact that we have foui 
cases of Gaucher’s disease under observation at the present time There are perhaps 
three very good reasons why Gaucher’s disease may constitute a specific indication for 
splenectomy The first of these, as has been pointed out by Doctor Lahey, is the fact 
that patients with Gaucher’s disease regularly demonstrate either panhematopenia or one 
of Its components, of which neutropenia is particularly frequent In fact, in Doan’s 
original report of splenic panhematopenia, one case was in a child with Gaucher’s disease 
The second reason is the immense size the spleen can attain, one case is reported in 
which the spleen weighed 7200 grams This slide shows the size of a spleen in a S-year-old 
boy with Gaucher’s disease The third reason is the fact that frequently in children 
growth becomes completely retarded, to be restored after removal of the spleen 
I offer these as fairly consistent indications for splenectomy in this disease 


Dr Arthur H Blaklmore, New York In cases presenting the clinical picture of 
Banti’s syndiome, the surgeon should suspect splenomegaly of the congestive type, and 
be prepared to locate the site of the obstruction in the portal system For upon this will 
depend the correct surgical therapy in a given case of Banti’s syndrome 

I make a strong plea that those surgeons interested in splenectomy have a simple 
venous pressure apparatus boiled up with their instruments in each case It takes only a 
few minutes to cannulate an easily accessible, known radicle of the portal vein (eg, the 
gastroepiploic) and take a portal pressure reading If a correct pressure reading thus 
taken is 150 mm of water or more, it means that the site of portal block is either in the 
portal vein itself or in the liver In either case there is portal hypertension not only in 
the splenic v^ein but in all other portal radicles as well 

This finding of generalized portal hypertension m association with congestive 
splenomegaly is hy all odds the common finding in cases of Banti’s disease Splenectomy 
alone will not cure such cases of a tendencj’^ to have recurring hemorrhages, whether 
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they be consideied “eaily” oi “late” cases Our experience at the Spleen Clinic of 
Presbyterian Hospital, over its nearly 30 years existence, suggests that if a so-called earl> 
case of generalized portal hypei tension has not had a recurrence of hemorrhage following 
splenectomy, it simply means that there has not been a sufficient follow-up period We 
do not contend that thei e is not the exceedingly rare case in whom, because of an unusual 
capacity to develop collatei al \ essels, hemorrhage may be postponed seemmglj indefinitelj 
But we do not considei that one should necessaiily credit splenectomy with the entire 
lole in these rare instances 

Much has been said of splenectomy as removing a burden of blood from the alreadj 
engorged portal system In an attempt to evaluate this possible factor we have made some 
portal pressure readings befoie and after ligation of the arterial supply while doing 
splenectomies The results, so far, have varied from zero to 25 mm (water) change in 
portal pressure following interruption of arterial blood flow' of the spleen These findings 
w'ould not seem particularlv significant in the usual cases w’ho have portal pressures 
varying from 300 to 600 mm of w'ater 

The rational attack upon the problem of portal Inpertension is the direct low'ering 
of portal blood pressuie by the establishment of portacaval shunts Our experience w'lth 
this procedure now’ embraces 75 operations and w’e are well pleased w’lth the overall results 

In cases of poital hypertension secondarj to intrahepatic portal block (cirrhosis) 
It IS our policy to employ the portal vein to venacava type of portacaval shunt, preferabh 
as a side-to-side suture anastomosis This type of portacaval shunt, because of its large 
size, IS capable of returning the portal pressure to normal and, w’hat is even more gratifj - 
mg, regularly results in complete disappearance of esophageal varices demonstrable by 
\-iay We ha\e accomplished this type of operation w'lth a postoperative mortality of 
12 s pel cent This w’e think is reasonable w'hen one considers that disease of the liver was 
present in ever}' case 

The splenorenal type of poi tacaval shunt, prefei ably as an end-to-side anastomosis of 
the splenic vein bj suture w'lth the left renal vein (Blalock) is decidedly the next most 
eTcient set of \ essels to employ in the establishment of portacaval shunts The truth of 
the matter is that conser\ation of the splenic vein for anastomostic purposes is the one 
best hope of cure for that large group of portal hypertensives having normal livers, in 
which the seat of poital block is in the portal vein itself, thus precluding its use for 
shunting purposes 


In view' of the above facts, 111 cases in which careful hematologic and liver chemistr} 
studies would indicate the likelihood of portal hypertension due to extrahepatic portal 
block, it IS to the best interest of the patient that the surgeon be prepared to make con- 
firmatory portal pressure readings at operation Certainly it is only bv recognizing the 
presence of portal hypei tension w'hen confronted with it (one cannot often tell by the 
appearance of the veins) that W'e will ever be able to stop adding to that pathetic group 
of post-splenectomy bleeders— cases w'hose best hope may he in the consenation of the 
splemc vein for shunting purposes In such cases if, upon exploration, the surgeon be unpre- 
pared to proceed w'lth splenorenal anastomosis at the time, in fairness to the best interest of 
the patient he should close the abdomen and thus conserve the integrity of the splenic 


vein for subsequent use 

In closing, I wish to discuss the surgical handling of cases w’hich, in our overall 
series, constitute decidedly a minority group I refer specifically to cases of congestne 
splenomegaly secondarj to obstruction of the splenic vein Pathologically, the obstruction 
is commonly located in the splenic vein at its junction with the superior mesenteric vein, 
the result, apparently, of congenital atresia A more sudden onset, particularly m cases 
giving a history of tiauma, suggests thrombosis as the more likely cause of the obstruction 

Of more importance is tbe ability to distinguish at the operating table tw’o tipes o 
cases m this group For upon this distinction the correct surgical therapy will depen 
Differential portal pressure readings are the practical solution of this problem lu t le 
first place, in a case of suspected congestive splenomegaly a normal portal pressure rea mg, 
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when taken from a known bianch of the superior mesenteric vein, will rule out the livei 
and the portal vein as the seat of obstruction Next, if a reading taken from a distal branch 
of the splenic vein is elevated this confirms the diagnosis of congestive splenomegaly and 
localizes the site of obstruction to the splenic vein As previously stated, there are two types 
of cases which must be differentiated when the splenic vein is the site of obstruction , namely 
( i) those identified by elevation of pressuie in the splenic vein only — cases in which a sim- 
ple splenectomj will bring about cure, { 2 ) those identified by elevation of pressure both in 
the splenic vein and in the coionaiy system of veins — cases in which, to relieve hypei- 
tension in the coionarv sjstem of veins, a splenorenal shunt is necessary ' following 
splenectomj To identify this second type at the operating table it is only necessary to 
pull down the stomach, cannulate a knowm branch of the coionary vein, and take a thud 
lenous piessure leading If the pressure is higher than normal you know' at once that 
the coronal \ vein joins the splenic vein at a point distal to the obstiuction in the splenic 
vein itself The reason for the existence of this second type of case is the anatomic 
frequency (65 per cent) with wdnch the coronar}' vein joins the splenic vein 

Early in our experience through venography, we confirmed the existence of these 
two anatom c types The importance of these findings w'as w'ell demonstrated in the 
case of an i8-j'ear-old girl wdio had a massive hematemesis three months followung a 
simple splenectonn A \enogiam showed a gieatly enlarged, tortuous coronary vein 
joining the splenic vein, in wdiich the latter was obstructed at its junction with the 
superioi mesenteric vein At the time of splenectomy, had the stump of the splenic vein 
been anastomosed to the left renal \ein, the girl w'ould probably be alive today It is a fact 
that branches of the coronarv vein inosculate w'lth branches of the esophageal veins and 
this, most likelv accounted for the hemorrhage in this case 

In cases in w'hich return blood flow' is impeded in the coionaiy system of veins 
for anatomic reasons it is not logical that simple splenectomy should be of benefit The 
facts are that the entire arterial supply for the coronary system of veins is gastric, not 
splenic Decompression of the coionaiy system by shuntino is the logical solution m 
such cases 
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Chondroblastic lUMORS or BONE arise from a proliferation of cartilage 
at the epiphyseal line, at or near the age of puberty, and are not frequent in 
their occurrence Despite the relative infrequency of these tumors, they are of 
more than passing surgical interest, since they affect individuals in the prime of 
life and raise the serious issue of amputation versus more conservative therapy 
The authois^ called attention to the roentgenologic and pathologic features 
of these lesions m 1930 and 1931 Such tumors are vascular and cartilaginous, 
usually situated on the metaphyseal side of the epiphyseal line They produce 
destruction in the cancellous spaces and exhibit an overlying periosteal reaction 
In the early descriptions of this tumor, an occasional case was classed as a 
cartilaginous growth Borst^ illustrated a mici oscopic picture of such a tumor 
as being a chondiosarcoma Kolodny^^ cited a similar case as an osteogenic 
sarcoma Because of the relationship of giant-cell proliferation about vascular 
spaces at the margin of these growths and the islands of cartilage that have 
undergone calcification, a school of thought developed classifying these growths 
as variants of giant-cell tumors Bloodgood classified them as malignant 
variants of giant-cell tumor Ewing desciibed a case as a metastasizing giant- 
cell tumor and others as benign calcifying giant-cell tumors Codman- reported 
a group of cases as epiphyseal chondromatous giant-cell tumors In reviewing 
the literature, one is impressed by the paucity of reported cases and the lack 
of any fundamental basis for their classification 

The authors, in previous communications, first pointed out that these iveie 
epiphyseal-lme tumors and that the proliferating tissue was chondroblastic, 
rather than composed of giant cells It was also emphasized that some of these 
patients die of metastases, m spite of amputation, whereas others surviving for 
over five years were apparently cured following curettage and irradiation In 
1942, Jaffe and Lichtenstein^” leported a group of these lesions, pointing out 
the cartilaginous origin of the growths, and proposed the term, “benign chon- 
droblastoma of bone,” following the histogenic conception previously proposed 
by the authors 

It IS the purpose of this communication to report the findings of a resurvey 
and careful follow'-up of a senes of 25 patients and to indicate that these 
growths may be either benign 01 malignant, also, that a careful microscopic 

Read before the Southern Surgical Association, White Sulphur Springs, W Va , 
December 8, 1048 . 

t Aided by a grant for the follow-up of bone tumors given by U S Public ea 
Service 
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study will distinguish between the benign and malignant foims of chondro- 
blastoma 


CLINICAL FEATURES 


The age incidence, the site of the tumor and the short duration of the clin- 
ical couise are the outstanding features of this chondroblastic tumor, occurimg 
before the ossification of the epiphyseal line is complete In our series of cases, 


the age limits weie between lo and 24 
years, as compared with the age dis- 
tribution of from 13 to 17 }ears re- 
ported by Jaffe and Lichtenstein On 
the basis of age alone, therefore, this 
tumor may be linked with the process 
of bone grouth where ossification, b} 
way of temporary calcified cartilage, is 
taking place at the adolescent period 
and the epiphyseal line is undergoing 
ossification 

The localization of the tumors lends 
weight to this supposition The loca- 
tion of these growths is predominantly 
in the ends of the long bones about the 
knee joint (the upper tibia and louer 
femur) and m the upper humerus 
(Fig i) The bulk of the tumor is on 
the shaft side of the epiphyseal line, but 
the epiphysis is also invaded and the 
growth may be confined to the epi- 
physis 111 some cases 

There is a definite correlation be- 
tween age and the duiation of symp- 
toms In patients under 20 years of age, 
the aveiage duration of symptoms is 
less than five months, while in the occa- 
sional patient 30 years of age and oi ei , 
the disease averages o\ei three years 
The duiation of sjmptoms, in general 
\anes fiom one to 16 months 111 our 
series of cases and from 3 to 12 months 
in those of other authors The se- 
quence of events is much alike at all 
ages and is not distinctive Pain, ten- 
derness and swelling, followed b} lame- 


(>fONDROBLA5TOMA 



^ — Skeletal distubution of chon- 
droblastorna, benign and malignant The 
epiphjseal regions of the upper humerus 
and the long bones about the knee joints 
are the most common sites 


ness ill the affected member, are characteristic of the lesion where it occurs in a 
w eight-bearing bone Occasionalh, an effusion m the knee joint suggests the 
clinical diagnosis of tuberculosis Pathologic fracture has been a rare compli- 
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cation, occurring only in three instances of oui series, although this is clearly a 
bone-destructive neoplasm The rarity of this complication may well be attribu- 
table to the acuteness of the disease Fever, leucocytosis and enlargement of the 
regional lymph nodes are not infrequent in this tumor but may be encountered 
in cases of other types of bone tumors 

ROENTGENOLOGIC FEATURES 

The roentgenologic features of these tumors are fairly distinctive They 
produce rarefaction m the cancellous bone, extend on either side of the epiphy- 
seal line and provoke an overlying periosteal reaction, usually along a single 



Fig 2 Fig 3 

Fig 2 — Roentgenogram of a malignant chondroblastoma arising 111 the epiphysis of 
the femur, extending into the cancellous bone of the shaft and provoking an overlying 
periosteal reaction , 

Fig 3 — Roentgenogram of a benign chondroblastoma involving both the epiphysis an 
shaft of the humerus The periosteal reaction, lack of coarse trabeculatK^s, lack o 
expansion beneath the bone shell, and lack of predominant involvement of the epipnysis 
help to differentiate chondroblastoma from giant-cell tumor 

maigm of the bone (Fig 2) The extension across the epiphyseal line and the 
periosteal reaction occur in the early stages of the disease before marked 
destruction of cancellous and cortical bone has taken place When the earliest 
stages of the growth are seen in the roentgenogram, the tumor is usually foun 
to be primary in the metaphysis, suggesting sarcoma From here it exten s 
to involve the epiphysis in most cases, but rarely invades the bone aggressive } 
m the opposite direction This peculiarity in the inception of the tumor in 1 
cates how intimately it is connected with the growth zones of the long bones 
which, as IS well known, aie on the metaphyseal sides of the epiphyseal lines 
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While the tumor is predominantly central in location, there is usually an 
escape beyond the cortex into the subperiosteal region, particularly near the 


epiphyseal line In such instances, the 
periosteum is raised by a translucent 
shadow , and bone formation from the inner 
side of the periosteum is noticeably 
lacking 

In the roentgenogi am these tumois 
differ from benign giant-cell tumors m 
that they involve lioth the epiph}sis and 
the shaft of the bone and are not predomi- 
nantly confined to the epiphysis (Fig 3) 
They do not expand beneath the shell of 
cortical bone, noi do they ha\e the coarse 
trabeculae seen m giant-cell tu.nois The 
periosteal leaction also distinguishes 
them from benign giant-cell tumoi s The 
age distribution of the chondioblastomas 
helps in differentiating these growths fiom 
benign giant-cell tumors and solitary foci 
of metastatic carcinoma, which piactically 
always occui aftei the age of 21 yeais 
Giant-cell tumois occur m the epiphyses of 
long bones, and cancel deposits that are 
secondary in bone are localued usually 
nearer to the midshaft legion or at the 
sites of the entry of nutrient vessels into 
the bone 

Ewnng’s tumor may occasional!} be a 
souice of confusion Chondroblastoma 
wdiich extends into the epiphysis earl} in 



the disease can thus be diffei entiated from 
Ew mg’s sarcoma The periosteal involve- 
ment usually extends on!} along one side 
of the bone w ith little or no cortical thick- 
ening While there is a similarity in the 
age of the patients, in the acuteness of the 


Fig 4 — A longitudinal section of 
tlie amputated specimen represented by 
the roentgenogi am in Fig 2 Note the 
contnniit\ between the tumor mass and 
the unossified epiphjseai line The 
tumor does not disseminate as rapidlv 
within the cancellous bone as it docs 
m tlie subperiosteal spaces 


symptoms and m the tendency to involve long bones, theie is, how'ever, in 
Ewing’s sarcoma more formation of new bone, a more diffuse involvement 
of the shaft, including the midshaft region, together w'lth late involvement of the 
epiphysis 

The right-angle new bone formation of osteogenic sarcoma is lacking 


GROSS PVTHOLOGY 

The most impoitaiit information disclosed b} the examination of gross 
specimens is the continuitx between the tumor mass and the unossified epipln- 
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seal line The foci of invasion of the tumor may extend into the metaphysis or 
into the epiphysis or laterally into the periosteal zone However, a connection 
IS always demonstiable between the area m which the epiphyseal cartilage is 
destroyed and the mass of tumoi substance, provided the growth is not too far 
advanced (Fig 4) 

The mode of extension of the tumoi is interesting In some specimens the 
unossified epiphyseal line can be clearly tiaced except at the points where there 
is proliferation of tumor Here it is substituted for by a hemorrhagic and 
necrotic mass which extends in an iiregulai fashion into the cancellous bone 
of the metaphyseal region Veiy little reactive bone is present The tumor' 
evidently does not disseminate as readily within the cancellous bone as it does 
in the subperiosteal spaces, for, once the tumor has invaded the subperiosteal 
space, a laige, proliferating, suhpei losteal mass is found 

At operation the tumor may he found extending into the soft parts, covered 
with a thin envelope of fihious tissue, invading the subperiosteal regions and 
surrounded by an intact pei losteum or entirely within a bone shell Most of 
the neoplasm is usuall} within the medullar}' cavity or wnthin cancellous bone 
The tumoi tissue itself vanes in consistency according to the degree of vascu- 
larity and necrosis It is frequentl} indistinguishable from the hemorrhagic, 
grumous material found in giant-cell tumor, the hyaline material in chondromas 
or tissue found in so-called malignant aneurysms of the bone Small, cystic 
cavities may be noted in vai lous pai ts of the tumor 

MICROSCOPIC FEVTURES 

Undei the microscope, chondroblastic tumors are composed of a mass of 
young and adult caitilage cells undergoing calcification This tissue differs 
from normal hyaline cartilage m the vasculant} and paucity of the intercellular 
material Strands of piecartilaginous connective tissue with myxomatous and 
eaily fetal caitilage cells are absent The absence of these cells, along with the 
vascularity, distinguishes this tumor from the primary and secondary forms 
of chondi omyxosai coma The tumor never passes beyond the stage of calci- 
fication Theie is never any hone of tumoi origin, as occasionally is seen in 
chondroinyxosarcoina Although reactive new' bone may be present at the 
periosteal margins of the chondroblastic tumoi s, the metastases never show 
such new bone foi mation 

A more detailed, high-pow'ei microscopic examination reveals the tumor 
to be composed of polyhedral and angulai cells with piominent nuclei and ill- 
defined cytoplasm The younger cells have small, dark nuclei, wuth a crow ded 
chiomatm substance, while in the older cells the nuclei are larger and more 
vesiculai, with a distinct cential nucleolus Many of the cells show' a prolonga- 
tion of cytoplasmic piocesses, and within the meshw'ork of this reticulation, a 
clear, faintly stained, intercellular substance is often observed This appar- 
ently represents an attempt at the formation of typical caitilagmous areolae, 
prior to the stage of calcification 
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A characteristic histologic feature of these neoplasms is the mtercellulai 
latticework formed by the calcifying matrix This latticework pervades the 
tumor, with sketchy, fragmentary, curved lines, emphasized by varying degrees 
of calcium deposition Heie and there, large areas of uncalcified matrix appear, 
which are easily recognized as typical hyaline cartilage and, m isolated portions 
of the tumoi , circumscribed islands of chondroblasts may give the tumor an 
alveolai appearance The tumor in areas is extremely vascular, with many 
blood spaces inclosed by a single layer of endothelium Near these vascular- 
ized areas and, usually, toward the peiiosteal margin of the growth, giant-cell 
osteoclasts are numeious These giant cells aie of the epulis type and sections 
cut from the margins of these gi ow ths may closely simulate a benign giant-cell 
tumor and have led, in several instances, to an erioneous diagnosis 

There are two important aspects to the microscopic interpietation of chon- 
droblastic tumors The first is the distinction of these growths from benign 
giant-cell tumor The second is the diflferentiation of chondroblastic tumors 
into benign and malignant forms The piesence of chondroblasts and the 
hyaline matrix, wuth or without the w^eb of calcification tiaversing the hyaline 
material, differentiates these neoplasms from benign giant-cell tumors 

The division of chondroblastic tumors into benign and malignant forms by 
mici oscopic study is a more difficult task Despite the fact that in the roentgen- 
ogram the majority of these growths give rise to a periosteal reaction wdnch 
may suggest an osteogenic sarcoma, it is tragic to recommend a radical pro- 
cedure if the tumor is benign It is equally tiagic to forego such treatment if 
the tumor is malignant We have, therefore, restudied our cases and, thiough 
the follow’^-up reports, have divided the sections into tw o groups — ^those remain- 
ing w'ell following theiapy and those knowm to have died of the disease The 
contrasting features aie as follows In the benign giowThs the nuclei of the 
chondroblasts are unifoimly small The cytoplasm is moderate in amount, 
stains faintly and is ill-defined in its mai kings The hyaline matrix is mod- 
erate in amount, but infiltiates in fine strands wuth well-defined reticular fibers 
Calcification is usually confined to the matrix (Fig 5) In the malignant 
grow'th, the nuclei of the chondi oblasts aie frequently of laige size, bizarre in 
shape and vaiiable in their staining leactions Mitotic figures are frequent 
The calcification is not confined to the matrix but o^erlaps the cellular ele- 
ments unless the section is cut wuth extreme thinness Margins of the tumor 
may show solid islands of chondi oblasts arranged in somewhat alveolar fash- 
ion, infiltiatmg fibious tissue Much of the tumor is composed of such alveolar 
masses, with little or no hyaline matrix (Figs 6 and 7) Thus, the distinction 
betw'een benign and malignant chondi oblastic tumoi s can only be accurately 
detei mined b} the microscope and b} the fi^e-}ear suivnal rate and not by the 
roentgenogiam or gross findings 

niSTOGKNESIS 

In the adolescent penod m noimal persons, there is at the epiphyseal lines 
of the upper end of the humerus lower end of the femur, upper end of the tibia 

729 



COPELAND AND GESCHICKIER 


Annals uf Surgeo 
May 1949 


and lower end of the radius (sites where these tumors predominate) a final 
spurt of growth previous to the obliteration of the growth disks This acceler- 
ated development in the long bones takes place on the metaphyseal side of the 
epiphyseal line and is apparently accomplished by a twofold process There is 
a reproduction of cartilage cells m the form of chondroblastic proliferation and, 
m addition to this reproduction, there are maturation and further development 
of the cartilage cells, terminating m calcification Later, vasculai ization with 





Fig 5 Fig 6 

Fig 5 — Photomicrograph of a section taken from the benign chondroblastoma shown 
"1 Fig 3 The nuclei of the chondroblasts are uniforniK small 'Near lasculanzed areas 
and towards the periosteal margin of the growth, osteoclasts are frequent Precartilaginous 
connective tissue and fetal cartilage are absent 

Fig 6 — Photomicrograph from the malignant chondroblastoma shown in Fig 2 The 
nuclei of the chondroblasts are frequently large, bizarre m shape and variable in their 
staining reaction Many alveolar masses are seen in some areas Osteoclasts are present 
near vascular areas and about the periphery of the tumor Note A'licroscopic examina- 
tion IS the only accurate method of distinguishing benign from malignant chondroblastomas 


resorption of the calcified material takes place, and this is followed by the 
substitution of peimanent new bone In this final piocess of substitution, 
brought about by new blood vessels and the absorptive power of giant-cell 
osteoclasts, the cartilage cells play no active role but constitute, in their cal- 
cified state, a necessary stimulus to final ossification This entire process, 
which normally is gradual and orderly, is distorted and hurried by the etiologic 
factors that precipitate the new giowth This new giowth coincides at its 
inception with the normal developmental process at the epiphyseal line, but 
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appears to depart from the normal m that an earlier phase of cell proliferation 
persists, resulting in a preponderance of chondroblastic growth and calcification 

The result of this distortion terminates in a tumoi process characterized by 
rapidly proliferating chondroblasts that abort into an end stage of calcified 
cartilage without pioducing, except in a fragmentary way, the usual hyaline 
matrix typical of normal adult cartilage Apparently, while still m a prolifer- 
ating stage, many chondroblasts are ensnared in a calcifying matrix of their 
owm making and are petrified 

The vascularity of the tiimoi and the giant-cell ai eas are secondary features 
That the giant-cell aieas in chondroblastic tumors are a pioduct of normal 
reactive bone, it is believed, is neaier 
the truth than the supposition that 
they are a further stage m the osteo- 
genesis of cartilaginous bone Iw the 
chondroblasts Since the death of 
the chondroblasts, with a formation 
of a calcified matrix, can be obsei ved 
under the microscope, it is difficult to 
see how they could survive to ini- 
tiate the giant-cell phase Giant-cel! 
invasion followed b) vasculai chan- 
nels IS the normal order of osteogen- 
esis in the long bones The fact that 
giant cells and i ascular channels are 
more numerous at the margins of the 
tumor and surioundmg noimal reac- 
tive bone suppoits this view Some 
of the vascularity how^ever, must be 
looked upon as a featui e common to 
lapidly growang tumors in general 
The presence of \ ascular foci wnth 
giant cells accounts for the frequent 
mistakes by competent pathologists 
m diagnosing these neoplasms as benign giant-cell tumors The classification of 
these tumoi s by Codinan as “benign epiph}seal chondromatous giant-cell tu- 
mors,’' pecuhai to the uppei end of the humerus, seems enoneotis wdien the 
following factors aie considered f i ) Chondroblastomas bar e a w ider distribu- 
tion than Codman indicated and theie are pioved instances of death wnth pul- 
monar}' metastases, in spite of radical operation ( 2) The cartilage present can- 
not be considered as a passive structure, representing the normal, unossified 
epiphyseal line The chondral elements are actively proliferating and the chon- 
droblasts have definite invasive powders (3) These chondroblasts and their 
transitional forms aie not characteristic of the normal cpiplnsis. but resemble 
the cells seen m the embno when the skeleton is being prefoimed m rapidh 
gi ow mg cartilage 



Fig 7 — High power micrograph from 
section shown in Fig 6 illustrating in detail 
the malignant characteristics which occur in 
the cellular morphologi' of the tumor 
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PROGNOSIS AND TREATMENT 

Chondroblastic tumors are a new clinical entity as far as the modern liter- 
ature IS concerned Few cases have been separated from the categories of chon- 
drosarcoma and atypical giant-cell tumors To date, the only series available 
for review are cases studied by the authors, those of Codman, Coley and San- 
toro and those of Jaffe and Lichtenstein 

The most important aspect of the treatment is the division of the chondro- 
blastic tumors into the benign and the malignant forms on the basis of micro- 
scopic studies Since this is an exceedingly difficult job and since cures have 
followed cuiettage, or curettage plus irradiation m the benign form, it is 
impoitant that radical operations should be postponed until the sections have 
been reviewed by competent pathologists Biopsy, followed by roentgen ther- 
apy, should be the initial procedui e in these grow ths The sections should then 


Table I — Location of Chondi ohlastomas tn Patients Living Five Yeats oi Mote, zvith 

Ticahncnt Received 


Loion Femur Three enses tre^ted as follow b 

1 Biopsv irradiation 

2 Curettement irradiation 
1 Curettement 

Upper llumei us I'n ceases treated as follows 

1 Irradiation resection 

2 Biopsy irradiation 

3 Curettement 

4 Curettement irradiation administration of CoIe> s toxins 
1 Curettement 

Lod’er Ralius One case treated as follows 

1 Curettement Roentgen ra> treatment amputation 
Upper Ttbia One case treated as follows 
1 Biopsy amputation 


be submitted to competent pathologists for final diagnosis Resection or ampu- 
tation should not be peifoimed unless the malignant nature of the lesion has 
been verified 

The authois have follow^ed a large, significant series of cases for more than 
five years The benign and malignant forms of chondroblastic tumors are m 
a ratio of 2 3 Of 25 cases studied, 10 proved to have benign chondroblas- 
tomas and 15 had the malignant variety of chondi oblastoma The malignant 
cases usually died wnthin a peiiod of from g to 18 months Among the benign 
cases followed, all the patients have survived over five years and some are 
living now^ more than from 10 to 20 years later The 10 patients living over 
five years had lesions as follows Femur, low^er, 3 , humerus, upper, 5 , radius, 
low^er, I , upper tibia, i (See Table I ) 

SUMatARY 

Chondroblastic tumors arise from a proliferation of cartilage at the epi- 
physeal line during the age of puberty and are extremely rare The tumor 
occurs most fiequently in adolescence, in the legion of the epiphyseal line, m 
the upper end of the tibia, the low’^er end of the femur and the upper en 0 
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the humerus In the roentgenogram, there is a mottled aiea of bone destruc- 
tion, with or without a slightly expanded bone shell, and, in addition, there is 
definite periosteal reaction Under the microscope, these lesions show a prolif- 
eration of chondroblasts wdiich produce abortive fiagments of calcifying 
cartilage At the margin of these tumois, as a defensive leaction, giant cells 
proliferate and attempt to remove calcified products of the tumoi It is impor- 
tant, m the microscopic diagnosis, to distinguish benign chondroblastic tumoi s 
from the malignant chondroblastomas Patients with benign chondroblastic 
tumors are w^ell following curettage oi curettage wuth deep roentgen therapy 
Malignant chondroblastomas, on the other hand, w’ariant radical lesection or 
amputation, depending on the site of the tumor Radical therapy should not 
be undertaken without submitting the sections foi leview^ by a pathologist 
specializing in bone diseases 
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Discussion —Dr Bradiey L Coiev New- York This is an important paper, one of 
a long line of contributions In the team of Geschickter and Copeland I am glad to see 
them together again after the intcr\ al necessitated by the War 

It seems to me that those who are not particularlj CNperienced in the pathologic 
interpretation of bone tumors, for exaniple the clinicians, are often confused by the \aricd 
terniinolog}' applied to these tumors and, in fact, to bone tumors in general This is 
unfortunate, because it creates a state of confusion where a phrase meaning one thing to 
one man has an entireh different meaning for another, and w'hilc people in different 
parts of the countrj ma^ think they are talking about the same thing this may not be 
the case 

I agree with e\eruhing Doctor Copeland has said about the specific entitj or nature 
of this tumor, which Codman onginalh described and to which he gave the term epiphyseal 
chondromatous giant cell tumor Jaffe and Lichtenstein, who were not com meed that it 
1 elonged m the category of giant cell tumor, proposed the term benign chondroblastoma , 
and Copeland and Geschickter broadened the field to include malignant tumors, calling 
this specific tumor malignant chondroblastoma I believe that for those of us who do not 
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breathe the rarehed atmosphere of the bone pathologists it might be advisable to reserve 
the term benign chondroblastoma for the tumor in its benign stage, but that when it occurs 
as a malignant piocess — which I think is a transition — then it might be given the out- 
and-out teim of chondrosarcoma, thus acquainting the man who is to treat the case with 
the true natuie of the tumoi 

In recent years at Memoiial Hospital we have been much impressed bj the insidious 
behavior of cartilage tumors, he they of this type or one of those arising in a central 
chondioma or an osteochondroma We have seen a considerable number of these benign 
tumors that have become malignant — after a lapse of time and usualK in middle life 
and sometimes m latei life We believe, theiefore, that the adoption of aggressive meas- 
ures, 1C, complete removal while the tumor is in the benign stage, lepresents good pre- 
\entive cancer suigery and w'lll icsult in saving manj lives 

We do not feel that a meie biops}"^ or curettage followed by loentgen therapy is a 
desirable method of management These tumors are usually amenable to complete curet- 
tage or lesection follow'ed bv immediate implantation of bone chips m the cavity Further- 
more, this affoids the pathologist an opportunity to study all the available tissue If he 
reports it to be malignant tlien an amputation or resection should be performed Our 
experience leads us to decrv the use of postoperative or preoperative roentgen therapj for 
any central cartilaginous neoidasm, legaidless of w'hether it is of the type described in 
this paper or a simple cential chondioma or a franklj saicomatous one The unfavorable 
results obtained, togethei with the fact that these tumors are definitely known to be radio 
lesistant, militates against this form of treatment 

In closing, we wish to emphasize the misleading nature of the histologic picture It 
a leport of chondrosarcoma or chondromyxosai coma is rendered the surgeon may rel) 
upon It, but if the repot t indicates only chondioma oi osteochondroma, then he should 
legard it as inconclusive We ha\e in such cases obser\ed metastases long aftei 
extirpation of the growth or after amputation We ha\e become so acutely conscious of 
the unpredictable nature of benign tuniois of cartilage that w'e are guided more by the 
clinical features and the roentgenograpluc appearance than by the histologic findings 
where the lattei indicates that tlie condition is benign 

We are gieatly indebted to the authors for emphasizing the hazards that are pre- 
sented by one specific variety, i c , benign chondroblastoma We suggest that it be called 
chondi oblastoma wdiile it is benign, and chondrosarcoma when it is malignant 

(Slides) The fiist slide represents a woman in her early Go’s with a central cartilagi- 
nous tumor, and I defy anyone on clinical or roentgen examination to be certain w'hethei 
It is benign or malignant We resected this tumor and the histologic report was low- 
grade chondrosarcoma We substituted the uppei end of the fibula for the defect in the 
humerus 

The next slide shows an entirely different type of tumor I apologize for showung 
some cases that are not absolutely in line with those shown by Doctor Copeland, but I 
think they illustrate points I am tr} mg to make about the serious nature of these cartilage 
lesions This is a middle-aged Puerto Rican wdio had an enormous, slowly-growing 
tumor of the ilium Note the roentgenograpluc appearance, especially the marked produc- 
tive tumoi tissue with calcification and atypical bone foiniation A biopsy w^as done at 
another hospital and our pathologists wdio reviewed the sections agieed that it w'as a 
benign chondroma Oui feeling, however, w'as that if it were not malignant it w'as 
destined to become so, and that ladical measures should be adopted Accordinglj' a 
hemipelvectomy was performed This slide show^s the specimen, both the outer aspect 
and the cut section The patient made a good recovery and remained w’ell for 20 months, 
when a checkup film of the chest levealed pulmonary metastasis The patient is now 
dying of the disease Attention is called to the fact that m this case, even when the 
pathologist had an opportunity to go over the entire specimen and make as many sections 
as desired, he still reported it to be a benign chondroma 
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This final slide shows the humerus of a naval officer who had had five operations 
by the time ue first saw him We were uncertain of the nature of the lesion because 
previous microscopic reports had all shown it to be benign chondroma It was decided, 
however, to perform a segmental resection and, fortunately, the microscopic examina- 
tion showed it was still a benign chondroma 

Dr Murray M Copelaxd, Washington (closing) Doctor Geschickter and I have 
always had great respect for the -team of Coley and Coley, now represented by Bradlej 
and through the years we have learned a great deal from both of them We would take 
no issue with the mam points Doctor Coley has discussed, but we would like to 
re-emphasize that in this cartilaginous entitv, wutli giant cells, one is put to it frequenth 
to decide w'hether the lesion is benign or malignant We do not feel that these lesions are 
1 elated to central chondromas or ordinary chondrosarcomas We quite agree that x-rai 
therapy is not, in general, the treatment of choice in cartilage tumors For some reason, 
however, these epiphyseal lesions, namely, chondroblastomas, seem to be more sensitne 
than the average cartilage tumor and w'e think it w'orthwhile to relate the treatment used 
in the ten cases living five years or more (See Table m body of paper) 

We feel that when the diagnosis is made it is better to treat the lesion surgically 
complete curettage followed bj’’ cauterization w'lth eithei 95 per cent alcohol or So per cent 
zinc chloride Either one of these caustic agents must then be followed with 95 per cent 
alcohol We quite agree wuth Doctor Coley that a single biopsy from these tumors will 
not rule out malignant changes w'hich mav exist in the lesion but that one should have 
pathologic studies of the entire process 
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CALCIUM DEPOSITS IN THE VICINITY OF THE SHOULDER 

AND OF OTHER JOINTS* 

J Albert Key, M D 

FROM THE DCIARTMENT OF SURGER\ OF THE WASHINGTON UNIVERSITY SCHOOL OF MEOICINI 

ST LOUIS MISSOURI 

The occurrence of localized deposits of calcium in the supraspinatus 
tendon in the flooi of the subdeltoid bursa is a well-known clinical condition 
and during the past 30 years many papeis have been published on the subject 
This liteiatuie is leviewed by Codman’^ and Wilson “ 

It IS not so well loiown, however, that similar deposits of calcium may 
occui in the othei tendons of the shoulder girdle and in the vicinity of other 
joints The only paper that I have found m the Ameiican medical literature 
desciibing calcium deposits about various joints othei than the shouldei is 
that by Hitchcock,^ in which nine cases are repoited Knee — two (one in the 
capsule above the head of the fibula and one in the quadiiceps tendon above 
the patella) , hand — tliiee (t\\o adjacent to the metacarpophalangeal joint of 
the fifth finger) , wrist — one (distal to the head of the ulna) , hip — one (mesial 
to the trochanter and supeiior to the joint capsule) , elbow — one (in the joint 
capsule adjacent to the lateral epicoiidyle) , and neai the ankle — one (lateral to 
the external malleolus) 

On the other hand, three papers describe localized deposits of calcium in 
the vicinity of certain specific joints Milch and GreeiA report five cases of 
calcification about the flexor carpi ulnans tendon and regard this condition as 
a distinct clinical entity Mauritz^' repoited one case of acute mtermetacarpo- 
phalangeal calcification with redness and swelling of the hand 

Goldenbert and LeventhaF reported five cases of calcified deposits above 
the trochanter, apparently 111 the tendon of the gluteus medius muscle, and 
stated that similar deposits were seen in the roentgenograms of 30 of the hips 
of 550 patients which they examined One of these cases was operated upon, 
and the tissues above the trochanter weie found to contain a plaque of bp^ne 
two inches long by one and one-fourth inches wide Nilsonne’’’ also reported a 
case of calcification in the gluteus medius tendon m which some true bone 
foimation -was piesent m the tendon in association with the calcium deposits 
Sandstrum and Wahlgren® reported 12 cases of calcareous peritendinitis in 
V Inch the shoulder w as involved eight tunes, the hip twice, the knee once and 

* Read before the Southern Surgical Association, White Sulphur Springs, W Va , 
December 8, 1948 
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the heel once As will be noted below, we believe that these calcium deposits 
in various locations are similar to one another and can be grouped together 
rather than regarded as separate clinical entities 


INCIDENCE 

The occurrence of calcium in the region of the shoulder is a relatively 
frequent condition and one which is often associated with stiff and painful 
shoulders, periarthritis and tendinitis of the shoulder, or subdeltoid or sub- 
acromial bursitis McLaughlin^ states that almost 2,000 lesions which are 
commonly diagnosed and ti eated as “calcified subdeltoid bursitis” were studied 
by the fracture service of the Presb3'terian Hospital over a period of 15 years 
Dickson and Crosby^® found that 73, or 36 5 per cent, of 200 cases of peri- 
arthritis of the shoulder showed deposits of calcium which were visible m the 
roentgenograms In a stud}'^ of 6,061 unselected adults who were subjected to 
fluoroscopic examinations, Bosworth^^ found calcium deposits in one or both 
shoulders in 165, 01 2 7 per cent Of 138 such individuals who were com- 
pany employees and on whom accurate records were available, the deposits 
were bilateral m 464 per cent, thus, calcium was present in 202 shoulders 
In these patients, symptoms referrable to the shoulder were present at one 
time or another m 70 shoulders, or 346 per cent, while the remainder vere 
quiescent and caused no symptoms during the three-year period of observation 
On the other hand, calcium deposits m the vicinity of joints other than the 
shoulder are relatively rare, or at least not many such cases have been reported 
in the literature During the past 10 years I have encountered 20 patients with 
deposits of calcium in locations other than m the musculotendinous cuff of 
the shoulder These were distributed as follows coracoid process, i , elbov , 
4, wrist, 3, hand, 4, (all adjacent to a metacai pophalangeal joint), hip, 4 > 
knee, 2, and foot, 2 (adjacent to the second metatarsophalangeal joint and 
heel) These were all in different patients 


ETIOLOGY 

Wells^^ states that calcification seldom occurs in normal tissue except in 
the formation of bone but that any area of dead tissue that is not infected and 
that is so large or so situated that it cannot be absoibed, will probabl)'^ become 
infiltrated with lime salts Exceptions to this rule are the metastatic calcification 
of Virchow% which occurs m individuals in whom the blood is oversaturated 
because of calcium absorption from the skeleton, and calcificans universalis 
But in normal individuals it appears that local degeneration of the tissue 
precedes the deposition of the lime salts 

Determination of the calcium, phosphorus and alkaline-phosphatase con- 
tent of the blood in several of our patients with local deposits of calcium has 
failed to reveal anything abnoimal, and this has. also been the experience 0 
other observers Consequently we must assume that in these patients wit 
deposits of calcium about joints degeneration of the involved tendon or of t e 
ligament or capsule of the joint preceded the deposition of calcium and that 
the primary cause of the trouble is the cause of the degeneration 
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However, the fact that the deposits are so frequently bilateral m the 
shoulder (464 per cent in Bosworth’s larger series) suggests that there may 
be some constitutional predisposition to the deposition of calcium in the 
vicinity of joints which is so slight a variation from the normal that we have 
not yet succeeded in detecting it Another possibility is that in certain indi- 
viduals the musculotendinous cuif is predisposed to degeneration, either 
because of some anomaly in the structure of the shoulder which exposes it to 
injury or because of inherent weakness of the tendon Dickson and Crosby 
believe that deposition of calcium is determined by some underlying alteration 
in the physical state, which is influenced by foci of infection and by endocrine 
irregularities 

It has been noted by Codman and others that the onset of symptoms may 
follow an injury or that the symptoms may begin spontaneously without any 
knowm cause Since w^e know that silent or asymptomatic calcium deposits 
are not uncommon, it is piobable that the single injury wdiich is alleged to 
have caused the deposit may have aggravated or produced symptoms in a 
silent deposit It is possible that the trauma may injure the tissue surrounding 
a silent deposit and cause the calcium to spread to tissue where it can cause 
symptoms On the other hand, it also seems possible that an injury may have 
caused the degeneration Avhich laid the foundation for the calcium deposit 
Bishop^^ believes that minor traumas may cause rupture of a few fibers of a 
tendon (supraspinatus) wnth few' or no symptoms and that these may heal but 
that frequent repetition of the injury may lead to hyaline degeneration and the 
depositing of calcium in these areas Bosworth’s figures indicate that occupa- 
tions which involve excessive use of certain muscles, as, for instance, the 
supraspinatus in typists, may predispose to the formation of calcium deposits 
m the tendons of their muscles, and that these may appear wuthin tw'o months 
or less 

The calcium salts are w'lthdrawm from the blood, where they are held by 
the proteins in an unstable state of suspension or solution It is believed that 
the increased alkalinity or decreased carbon dioxide wdiich is pi esent in degen- 
erating or necrotic tissues causes the calcium carbonates and phosphates in 
the fluids wdiich are seeping through these tissues to be precipitated Klotz^^ 
believed that the deposition of the calcium is preceded or accompanied by the 
fonnation of soaps in the degenerating tissue and that these withdraw the 
calcium from the body fluids and that the fatty acids are then replaced by 
carbonic and phosphoric acids to form more stable carbonates and phosphates 
of calcium Wells does not accept the view' that the formation of calcium 
soaps constitutes an essential step in pathologic calcification and states that it 
is probable that there are no essential differences between this and normal 
ossification 

PATHOLOGY 

In pathologic calcification the calcium phosphates and carbonates are in 
the same proportion as in the bone The substance first appears as minute 
amorphous granules wdiich are scattered irregularty through the degenerating 
tissue or fibnn matnx These coalesce to form spherules or larger masses 
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the form of the fibers appear^Tn^S”^^^* fibrous tissue adjacent to the elbow in which 
f^ger mass of calcium denosit fro degenerated material x no (B) 

degenerating tendon x 22c; ™ ^ same lesion with cellular infiltration of the 

adjacent to the elbow The found-cell infiltration in areolar tissue 

are seen m the upper left-hand crirnor°'"^ nerve beloiv and a bit of a calcium deposit 

tissue lying between two lare-p Arterj^ and round-cell-infiltrated fibrous 

^ calcium deposits from tlie same specimen x 70 
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I'lG 4 

A B 

Tig 3— (A) Calcium deposit in the supra>piiiatus tendon \\ith giant cells and round- 
cell infiltration \ 70 (B) Higher-power photomicrograph of a smaller similar deposit 

111 an apparenth normal tendon from the same specimen x 225 

Fir 4— ('\‘) Large and smaller csstlikc areas containing calcium and degenerated 
tissue debris m a cliiomc lesion 01 the supraspmatus tendon \ 45 fB) High-power 
photomicrograph 01 a portion ol the wall of a •.imilar lesion adjacent to the elbow Note 
the small giant cells and what appear to be modified fibroblasts lining tbe ca\it\ \*3oo 
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which aie scattered through the tissue or mixed with the organic ground 
substance which is presumably the disintegrating remains of the degenerated 
tissue, but there is no diffuse infiltration of a living tissue with calcium salts 
such as occurs in the formation of bone 

The gross appearance of the deposit when exposed at operation varies with 
the location and duiation of the deposit as well as with the condition of the 
surrounding tissue We have opeiated upon approximately 50 calcific deposits 
in the musculotendinous cuff of the shoulder and on nine of the 17 cases which 
are reported here as having occuried in the vicinity of other joints 

In our experience, the calcium deposits in the shoulder vary considerably 
in size, number and location as well as in the consistency of the calcified 
mateiial Bosworth found that 51 5 pei cent of the involved shoulders had 
deposits in the supraspinatus poi tion of the cuff, 44 5 per cent in the infra- 
spinatus, 23 3 per cent in the teies minor Only five shoulders showed calcium 
in the subscapulaiis and 25 showed calcium in the subacromial bursa Multiple 
deposits occurred in 203 per cent of the involved shoulders We have not 
attempted to record the locations of the deposits in our shoulder cases 

A fairly typical operative finding in an acute case is for the flooi of the 
subdeltoid bursa to present a domelike swelling about two centimeters m 
diametei The apex or centei of this furunclelike swelling is white and this 
IS sunounded by a purplish 01 red inflammatory zone, which shades off into 
the slightly inflamed floor of the bursa When the apex of this swelling is 
incised ^^hlte 01 yellowish-white mateiial of the consistency of tooth paste 
exudes on the floor of the bui sa When the remainder of the calcific material 
IS removed with a cuiette, a cavity is left in the tendon which has a ragged 
avascular surface, this may be so deep that it appeals to extend down through 
the tpudon into the underlving bone 

In some hyperacute cases of shoit duiation, the calcific material is thin 
or milklike in consistency and maj^ be undei such pressure that when the 
surface of the tendon is incised, the contents of the deposit may spurt into the 
air In others the deposit may have ruptured into the bursa and the bursa 
may be found to be distended with a thin, milkhke fluid In chionic cases, the 
calcium deposit may be inspissated, and upon incising the tendon the surgeon 
encounters one or moie diy chalky deposits which can be removed with a 
curette There are all ijradations between the tvpes of deposit desciibed above 
It IS probable that the deposits aie nearlv always multiple and that the 
surgeon never sees many of the small deposits which ate buried deep in the 
tendinous floor of the bursa W e have encountered many such minute deposits 
m micioscopic sections of apparently normal tendon from the floor of the 
bursa Likewise, the moderately large deposits (o 5 cm 01 more m diametei ) 
may exist in the same musculotendinous cuff 

In deposits m areas other than m the musculotendinous cuff of the shoulder, 
it has been my impression that the calcium was not under tension m the 
tendon or ligaments but was m a thm-walled cavity or free m the adjacent 
areolar tissue 
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The micioscopic picliiic \anes with the slate of inflammation m the tissues 
adjacent to the calcium deposits 'niiicc most of the sections wdiich I have 
studied weie taken fiom acutely inflamed lesions. I have not been impressed 
with appeal ances of dejj^cnciation oi e\en with iclatne avasculant}^ m these 
tissues Fiecjuenth m tendons the small calcium deposits may be piesent as 
spindlehkc collections of i^ranukii mateiial siiiiounded by appaiently nonnal 
tendon flbcis In adiacent aieas the libcis ma} be fragmented and cm led or 
Inahni/cd or ma\ apj^eai noimal 

More ficqucnth than not, the tissue was more \asculai and moie cellulai 
than normal In most instances m which the operation was peifoimed for 
model ateh acute pain and disability, the tissue adjacent to the calcium deposit 
was infiltrated with small and medium-si/ed round cells (monoc3'tes or epi- 
thelioid cells) Some of these cells were piesent in the necrotic tissue debus 
which was mixed with the calcium deposits Small foreign-bod}^ giant cells 
weie also piesent heie In the lesions of longer duiation, the giant cells w^ere 
larger and moie mimerons The absence of blood pigment in the tissues and 
in the macrophages suggests that the lesion had not been the site of a previous 
hemoirhagc and thus was piobabl) not traumatic in origin In hannony wnth 
the accumulation of lound cells in the area, there was pi oliferation of the 
fibroblasts and an inciease in the lasculaiity in tbe tissue adjacent to the 
deposits 

In the hypei acute lesions with seveie pain and disability laige numbers of 
poh morphonucleai leukocytes were piesent in the calcium deposits and in the 
surrounding tissues and many of these cells were disintegiating Likewise, in 
some of the acuteU inflamed deposits near joints othei than the shoulder, 
the areolar tissue contained fibrin and this was infiltrated wuth leukocytes 
and round cells 

In some of the more chionic cases in the shouldei rather large, cysthke 
caMties wdnch contained debris and calcium w^eie suriounded b)^ a definite 
wall of chronic inflammatory tissue Cultures from these deposits have been 
sterile and there is no indication that infection plays any part in the process 
The inflammation is apparent!)’- due to chemical irritation and foreign-body 
reaction 

In locations other than the musculotendinous cuflF of the shoulder, the 
calcium deposits have been found m the areolar tissue superficial to a tendon or 
ligament near its attachment to bone or in the musculoteiidmous origin of 
muscles near the bone The deposits may have begun in the dense connective 
tissue and extended oiitw'aid but w^ere not found there at operation Conse- 
quently, the dense connective tissue of the tendon is usuall)'- absent from the 
microscopic sections and aieolar tissue may be found in the vicinity of the 
calcium deposits No other di-fiference was found between the microscopic 
picture of the lesions m the shoulder and those in the vicinity of other joints 

SYMPTOMS AND CLINICAL COURSE 

It IS probable that these calcific deposits begin as microscopic precipitates of 
alciiim salts w^hich .^laduall) mciease m size until they encroach upon the 
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surrounding tissues and cause an inflammatory reaction there Such a calcium 
deposit may be present in the tissues for months or even years and cause no 
symptoms and then suddenly, after an injury or without any known precipi- 
tating cause, may become the central point of an area of acute inflammation, 
with severe pam and disability The reason for this is not known The 
inflammation is the cause of the symptoms Apparently the process is a revers- 
ible phenomenon and the calcium may be lesorbed either spontaneously or as a 
result of the inflammatory reaction Whether these pi unary deposits are in the 
cells, between the connective-tissue fibers or m the fibers has not been deter- 
mined satisfactorily As they increase in size, the calcium is mixed with debris 
of degenerating connective-tissue fibers and cells 
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A B 

Fig 5 — (A) Coagulated fibrin infiltrated with degenerating round cells and leukocytes 
from a hyperacute lesion mesial to the coracoid (B) Hyalmization and fragmentation of 
fibers of the teres minor muscle, with infiltration by leucocytes and round cells in a hyper 
acute lesion 

It IS evident that most, if not all, of these deposits are silent oi asympto- 
matic in the beginning and it is probable that the majority of them slowly 
attain a moderate size, persist for an indefinite period and then disappeai 
without causing symptoms In Bosworth’s series only 70, or 34 6 per cent of 
the involved shoulders had been the seat of pam 01 discomfort either prior to 
or during the three-year period of observation He also noted that the larger 
deposits (15 cm or larger in diameter) tended to cause symptoms and that 
the size of the deposit tended to be in accord with the symptoms, yet one-third 
of the large deposits in his series gave rise to no complaints dui mg the penod 
of observation How'orth,^“ however, states that laige deposits may be almost 
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causing much pain There may be a moderate mciease m temperature and 
the white blood-cell count may be moderately elevated 

In the average acute case of shoit duration, the appearance of the shoulder 
IS normal Palpation leveals a small area of acute, sharply localized tenderness 
over the anterior surface of the gi eater tuberosity of the humerus just below 
the anterior margin of the acromion This point of tenderness may be located 
mesially over the tendon of the long head of the biceps or laterally over the 
infraspinatus tendon The tenderness is most marked diiectly over the calcium 
deposit and if this is in the tendon of the teies minor, the point of maximum 
tenderness is more distal and more lateial on the shoulder The arm is held 
at the side and the patient does not object to a moderate amount of manipula- 
tion, but the range of movement in rotation or abduction is moderately limited 
and causes pain, while movement in flexion or extension is fairly free and 
painless 



A B 

Fig 6 — (A) Knee joint with a calcium deposit adjacent to the intercondyle of the 
femur This produced severe pain and disability and was operated upon early, with 
complete relief (B) Calcium deposit adjacent to the intercondyle of the femur This 
failed to yield to conservative treatment over a period of three and one-half months and 
was operated upon, with complete relief of symptoms 

In cases with seveie symptoms and of longer duiation, the pain and 
tenderness involve a wider aiea, and there may be tenderness on deep piessure 
over the side of the neck (scalenus anticus muscle and the cords of the 
brachial plexus), over the stipeiior angle of the scapula and over the insertion 
of the deltoid The atrophy of the muscles of the shoulder is evident on 
inspection and palpation and if the scapula is fixed and the aim manipulated it 
will be found that theie is veiy little scapulohumeral movement and that 
movement of the extremity is accomplished by movements of the scapula on 
the thorax 

The subacute case may piesent nothing on physical examination except 
an area of moderate tenderness over the front of the tuberosity and a painful 
catch with certain movements of the arm Usually the catch is felt when the 
arm is lowered actively to the side from a position of abduction and external 
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lotation It sccnib to be piocluccd b\ the painful aica shclnig under the 
niaigin of the coiaco-acionnal ligament 

I he calcific dcjiosits m the \icinit\ of othci joints pioduce local pain and 
dibabiht), which \nr} in intenMU from time to time and in difTerent cases just 
as occurs in the sluiuldei J'or instance, the small calcium deposit ovei the 
internal lateial ligament of the kmc bhown in Figiiie 6(a) had caused s}mp- 
toins foi onh thice dax*?. hut tin pain was so sc\eie that the patient w’as con- 
fined to bed and inainl.iincd the knee in a jiosition of acute llcMon, and he com- 
plained bitterh when an alkmpt was made to straighten the extiemiW or w'hen 
pressure was made o\ei tiie painful aiea lie was opeiatcd upon one Sunday 
afternoon as an emergemw ca'^e in oidei iche\e the intense pain The othei 
quite similar deposit m this ,iua shown in Figure 6(h), occuiicd m a laige, 
actue woman It inter fcied \on little with the patient's actuities and w'as 
obserxed and treated conscr\ati\el_\ o\ci a jiciiod of more than tlnee months 
and finalh was operated upon because of persistent annoxing pain and 
tenderness 

Of the other dcjiosUs not in the musculoteiifhnous cuft which I have 
operated upon, the two at the shoulder (one in the Icres-miiior muscle pos- 
terior to the humerus and one mesial to the tip of the coracoid) weic opeiatcd 
upon to relieve severe acute jiain of shoit duration The others (tlnee at the 
elbow, one at the wrist and one in the hand) wcic opeiatcd upon on account 
of persistent mild pain, tcndcincss and disahihtv which did not subside under 
conserv ativ c treatment 

One of the cases of a deposit adjacent to the ficxoi caipi ulnaiis tendon 
reported hv Iililch and Gicen was of the hvpcraciitc tvpe, with swelling of the 
wrist and red sticaks extending up the ann lescmhling Ijmphangitis Like- 
wise, the case at the metacarpophalangeal joint leported by Mauritz presented 
considerable swelling of the hand Such verv acute cases may exhibit a mod- 
erate elevation of tcmperatuic and of the leucoevte count In the usual case 
however there is no swelling or redness, the pain is modeiate m degree and is 
produced by local pressure, or movements which cause tension or increased 
pressure in the involved aiea, and there arc no geneial symptoms 

Tnn rtocNTGEN findings 

The presence of a localized deposit of calcium in the tissues may be sus- 
pected, but the diagnosis is not made unless the matenal can be visualized 
in the roentgenogram From what has been written above, it is evident that 
the deposits vary considerably in size and density Many small ones will not 
cast a shadow and cannot be seen with the fluoroscope or in the roentgenogi am 
Consequently, these cannot be diagnosed clinically Largei deposits may be 
obscured by overlying bone This is especially tiue of the musculotendinous 
cuff of the shoulder, where the calcium may be spiead out m a thin layer 
and may not cast a shadow dense enough to be seen through the bone or even 
through thick soft tissue, unless it is seen in profile 

Bosworth advises that the shoulder be examined under a fluoroscope while 
the arm is carried thiough the full range of movement Then if calcium 
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deposits become visible, spot films are made in order to visualize them more 
clearly and record their position However, most calcium deposits in the 
musculotendinous cuff of the shoulder will be seen m a film taken with the 
arm at the side and m a position of external rotation We routinely have a 
second anteroposterior exposure made with the arm rotated inward, and 
occasionally a third inferior-superior or vertical view with the film on top 
of the shoulder 


In joints other than the shoulder the calcium can be shown roentgeno- 
graphically with less difficulty and is usually visible in the routine films taken 
in two planes It tends to vary in density with the duration of the symptoms , 
the image being more dense in instances in which the symptoms have been 
present foi a longer time The maigins of the deposit tend to be poorly defined 
on the roentgenogram and the density may be irregular It can usually be 

differentiated from bone by the fact 



? 



that it shows no evidence of internal 
structui e 

TREATMENT 

The treatment of calcium deposits 
varies with the severity of the symp- 
toms and Avith the tolerance of the 



j patient for the symptoms If the de- 
( posit IS discovered accidentally and 
j is causing no symptoms, no treat- 
ment is indicated If the deposit is 
causing sufficient pain and disabilitj 
to lead the patient to consult a physi- 


Fig 7 — Wrist joint with faintl> visible 
calcium deposit distal to the styloid of the 
ulna This cleared up promptly after deep 
roentgenotheranj 


Clan for i ehef, then treatment is indi- 
cated and this may either be conserv- 
ative or ladical measures may be 


instituted 

Conservative treatment is largely palliative Its success is based on the 
fact that in practically all these cases the pain will subside if the patient can 
wait long enough, and in most instances function will be restored to the part 
It IS probable that the inflammatory reaction which causes the symptoms also 
results in an increased vascularity in the area and that this tends to promote 
resorption of the deposit Foi this reason, the hypei acute symptoms rarely 
last very long However, though these symptoms may lessen to a point where 
they are tolerable, they may still be the cause of much pain and disability and 
may result in chronic stiff and painful shoulders persisting for many months 
or even years It is questionable whether or not any form of conservative 
treatment actually influences the course of the disease or causes resorption of 
the deposit 

The conservative measures in use are local heat, local cold, immobilization, 
exercises, sedatives and deep roentgen therapy 

Local heat may be applied as moist heat from hot compresses, or dry heat 
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ilom an electric pad, hot-watei bag, infraied lamp oi diatlic;my If the 
symptoms aie se\eie, heat may aggiavate the pain In many cases, however, 
heat has a soothing effect and it may enable the patient to sleep Some sui- 
geons believe that diatherm} may actually promote the lesoiption of the 
deposit I have not seen this occni and believe that long-contmned diathermy 
may be hannful 

Local applications of cold, as cold compresses oi an ice bag, may give 
considerable relief to patients with seveie pain 

Immobili7atioii of the pait m a sling oi bandage or by stiappmg oi even 
by a plastei of Pans splint oi cast may aftoul some lehef but should be 
a\oidecl uith lesions m the shouldci as it encourages stiffness of this joint 
which nia) be difficult to overcome 

Exeicises aie useful in restoinig function to the part after the acute s>mp- 
toms ha\e subsided They are especially helpful in chronic lesions of the 
shoulder Passive sti'etclinig by continued traction is used in some cases ivith 
fiozen shouldeis As much sedation as is necessary is given wdiile the traction 
IS acting 

Sedatives aie used as indicated foi pain Salicjlates and codeine are 
usetul, either alone oi in combination, and we give the patients large doses 
of vitaiiini B 

Deep roentgenotherapy has been used quite extensively during recent yeais 
and there are reports in the literatui e in wdiich it is recommended as an almost 
infallible cure for calcium deposits in the musculotendinous cuff of the shoul- 
der I have advised it for a consideiable number of patients dm mg recent 
jears but am still not m a position to make a statement concerning its 
efficiency In some mild oi moderately seveie cases deep roentgen treatment 
has seemed to afford some relief while in others it has had no appai ent effect 
In hyperacute cases with severe pain, it has not appeared to do any good 
The same is true of chronic cases, and especially when there are severe 
capsular adhesions or contractures In the latter the i oentgenologist should 
restrain his enthusiasm or burns may be the result 

The more radical methods of treatment are manipulation undei geneial 
anesthesia, needling wnth or wntliout irrigation and operative exposure and 
removal of the deposit 

Manipulation under general anesthesia is used in breaking up the adhesions 
and restoring movement to shoulders with marked limitation of motion After 
the patient is relaxed by the anesthetic, the arm is abducted fully and then 
rotated externally and internally while the scapula is fixed' to the chest by an 
assistant It is desirable that the arm be carried through the complete range 
of movement If a calcium deposit is present, the manipulation should be 
combined with open operation for removal of the deposit The manipulation 
is not without danger, as the anterior and inferior poitions of the capsule are 
usually torn if the limitation of motion is marked, and the shoulder may be 
dislocated or the humerus may be fractured After the manipulation, the pam 
may become aggravated and the adhesions may recur unless this is prevented 
by stretching and exercise During the first few days, the patient is kept in bed 
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with the arm in abduction and external rotation (The wrist is tied to the 
head of the bed ) 

Needling of the deposit is a procedure which was quite popular a few years 
ago and is still used in some clinics It is most useful in an acute case with a 
single relatively large deposit Under local or general anesthesia a relatively 
large (i8- or i6-gauge) needle is introduced into the deposit and as much as 
possible of the calcium-containmg material is aspirated Then multiple punc- 
tures are made m the area in order to produce inflammation and stimulate 



A B 

^~(A) Unusually laige calcium deposit in the musculotendinous cuff of the 
shoulder The duration of symptoms was about two and one-half years, with several acute 
episodes (B) A view of the same shoulder, as shown in Figure 8A immediately after 
operation, shows that a considerable amount of calcium was missed and left in the shoul- 
der, but the patient was relieved of her symptoms by the operation It is believed that the 
remaining calcium will disappear gradually 

absorption of the lemamder of the calcium In the shoulder this may be 
combined with irrigation of the subdeltoid bursa either with or without a 
second needle in the bursa In my hands, needling is done under local 
anesthesia and is used foi those patients when operative removal of the 
deposit IS indicated but who do not wish to be operated upon It is apt to be 
followed by a few days of severe pain and is not as reliable a form of treat- 
ment as IS the operative removal of the deposit 

Operative removal of the deposit is the surest method of affording the 
patient prompt and permanent relief It is especially indicated in patients with 
severe pain and multiple deposits or with one small deposit which is difficult 
to enter with a needle or in patients who have failed to obtain relief after a 
needling procedure 


750 



\oUtmi. U*) 
Numlicr G 


CALCIUJvI DEPOSriS IN VICINITY OF SHOULDER 


OPERATIVE TECHNIC 

If the deposit is in the shoiildei, the opeiation may be performed under 
local or geneial anesthesia, with the patient supine on an ordinary operating 
table or in the sitting position, piefeiabl}' in a dental chaii wnth a suppoit foi 
'the head Abbott^® lecommends local anesthesia and the sitting position 
because the arm can be moved actn ely b} the patient and the ai eas of tendei - 
ness can be moie acciuately localized aftei the buisa is opened This is espe- 
cially true of those deposits which he deep in the tendon and cannot be seen 
on inspection 

The point of maximum tenderness should be noted befoie the opeiation 
and the incision should be made dnectl}' ovei this point The incision begins 
over the maigin of the acromion and extends downwaid foi about two inches 
over the point of maximum tenderness The deltoid fibers are split to expose 
the w'all of the buisa and this is incised, oi a window about one inch square 
may be lemoved to expose the musculotendmous cuff wdiich forms the floor 
of the bursa The calcium deposit which is causing the trouble is usually 
visible as an elevated inflamed aiea wnth a white oi jellowush center This is 
incised m line with the flbeis of the tendon, the contents aie allow^ed to escape 
and a specimen of the wall of the cavity is lemoved 

The cavit} containing the calcium is then sciaped lightly wntli a curette, 
but no attempt is made to remove all the calcium, as this infiltrates the sur- 
rounding tendon and its removal w'ould entail extensive damage to the tendon 
and do more haiin than good It is piobable that meiel) incising and draining 
the deposit is all that is necessai*} foi a cure, as this wnll lead to lesoiption of 
the remamdei of the calcium 

The shoulder is then lotated inwaid and outward to expose more of the 
floor of the bursa, and an} othei suspicious areas in the tendon aie incised in 
a similar manner, if calcium deposits aie found, the laigei ones aie Curetted 
lightly while the smaller ones are simply diained by the incisions These mul- 
tiple, short incisions parallel w ith the tendon fibei s are not sutui ed and seem 
to heal without disability They may reveal deposits wdnch would not have 
been seen other wuse Also it is evident that in many shoulders there are deposits 
which are not drained by the operation, as the suigeon must avoid doing any 
more harm than necessary 

In some cases, no deposit oi elevation of the flooi of the buisa is visible 
and m such instances one oi more parallel incisions are made through the 
tendon until the deposit wdiich is being sought is entered and its contents are 
then evacuated The surgeon should endeavor to evacuate all large deposits 
and especially those that aie causing the symptoms 

After the larger calcium deposits have been incised and evacuated, the 
manipulates the shouldei into full abduction and internal and external 
rotation in order to break up adhesions which may have formed This is 
especially important m cases of long diuation, with limitation of movement 
due to structural changes, and may require a small amount of pentothal or 
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other geneial anesthetic if the operation is being pei formed under local 
anesthesia 

The wound is then closed in layers and coveied with a small gauze dressing 


POSTOPERATIVE TREATMENT 

In the acute cases, no immobilization is necessary and the patients may 
leave the hospital a day oi two after the operation and return for removal of 
the sutures on the sixth postoperative day They are encouraged to use and 
exercise the arm, and usually the normal lange of movement is obtained within 
a few weeks 

In the chronic cases with adhesions and which have been manipulated, it is 
advisable to immobilize the arm in abduction and external rotation for a few 
days aftei the operation This can be accomplished by tying the wrist to the 
head of the bed The arm is then lowered and pendulum and abduction exer- 
cises are prescribed , these may be combined with some passive stretching 
The treatment may be continued until a satisfactory result is obtained, which 
may requiie several weeks 

Deposits about other joints are treated m the same way as those in the 
shouldei , that is, conservatively or operatively, depending upon the severity of 
the symptoms and the wishes of the patient and surgeon At operation, the 
deposit IS appi oached by the most direct route, it is incised and curetted lightly 
and the wound is tlien closed The} requiie no special postoperative treatment 
The nine patients on whom I have opeiated in this manner have been relieved 
of their pain promptly and the condition has not recurred 


PROGNOSIS 

As was stated above, the deposition of calcium in the tissues is a reversible 
process and the calcium may lie lesorbed spontaneously without causing symp- 
toms or after causing variable amount of pain and disability It is believed 
that the inflammation w^hich giv'^es rise to the symptoms causes an increased 
blood supply m the area and that this hastens the resorption of the calcium 
Consequently the very acute symptoms rarely last v^ery long 

In some cases the symptoms subside completely and in others a variable 
amount of pain and disability i emains which may persist for many months 
In severe cases, needling or opeiative remov'al of the deposit is often the 
treatment of choice , the latter usually results in a fairly prompt relief of pam 
and restoration of function to the extremity In cases of long standing, this 
may require seveial weeks , occasionally a large deposit is discov^ered after the 
operation and a second operation may be indicated for its removal This 
occurred m one of my patients in whom a deposit was discovered in the teres 
minor muscle about three and ohe-half months after the remov’^al of three large 
deposits from the tendon of the supraspinatus Since this deposit could not be 
seen in the original roentgenogram, it is believed that it was a recurrence o 
the trouble 

On the other hand, one or more rather large deposits may be miss^ at 

the time of operation This occuri ed in the case illustrated in Figure 9 'll® 
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patient was relieved by the operation and it is believed that the calcium which 
was left will be resoibed as a result of the trauma incident to the operation 

SUMMARY 

It IS noted that localized deposits of calcium occur most often in the mus- 
culotendinous cuff of the shouldei but may occur in the vicinity of other joints 
The deposits which occui near othei joints are similar to those in the shoulder 
and may be grouped with them 

The etiolog}^ pathology, clinical course, tieatment and prognosis of the 
condition are described 
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Discussion —Dr Frank D Dickson, Kansas City, Missouri I should like to add 
one area in which calcareous deposits occur which Albert Key has not mentioned m his 
widespread coverage of the body , that is in the tendon of the long head of the triceps 
muscle Deposits in the tendon of the long head of the triceps muscle were observed in two 
ball pitchers who came under my observation, both fast ball pitchers I think George 
Bennett will bear me out when I say that fast ball pitchers almost always have shoulder 
difficulties from degenerative changes, while curved ball pitchers have trouble in the elbow 
joint The difference in the distribution of the pathology is due to the different manner m 
which the ball is delivered in these two styles of pitching 
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One young man belonged to an important baseball chain, pitched one game, and was 
out for the remainder of the season Examination revealed calcareous deposit in the 
tendon of the long head of the triceps muscle and a pair of very badly infected tonsils 
He was otherwise a very healthy and robust young man, 22 years of age The tonsils 
were removed at once, pitching was forbidden, and wheat-germ oil (which I believe 
contains some form of vitamin C which promotes the absorption of calcium deposits) 
was administered in full doses The course of the condition has been followed for three 
months, and ovei this period of time the deposits have just about disappeared, and pitching 
motions can be carried out without pain or discomfort, so it is our opinion that this boy 
will be able to resume his pitching activities in the spring The infected tonsils were 
mentioned because it is my opinion that focal infection does play an important part in 
formation of these calcareous deposits which are found almost as frequently in women 
as in men, and in most cases some form of focal infection, usually dental infection, can be 
unearthed I must, then, disagree with Doctor Key as to the part played by infection in 
the formation of calcareous deposits in certain areas of the body, admitting that trauma 
or wear and tear is usuall}’’ a factor 

Calcaieous deposits in bursae or tendons are incapacitating and usually quite impor- 
tant to the affected individual because of the pain and disability which they produce It 
has later been necessarj' in our experience, however, to resort to surgery Usually 
needling of the area or at times irrigation of the area through two good-sized cannulae 
clears up the situation If these deposits are irrigated, they usually absorb, probably 
because of the increased vascularity which follows 

Dr Edgar L Gilcreest, San Francisco Doctor Key covered so much ground that 
he did not have time to mention a group of lesions of the shoulder that are extra-articular 
rather than mtra-articular, and which are very disabling We shall forever be indebted 
to a great anatomist, A W Meyer of Stanford, for calling our attention to these lesions 
in a series of articles in the Archives of Surgery a number of years ago These lesions 
should be always held in mind when examining a patient past middle life who has a 
painful shoulder 

The essayist spoke of conservative treatment and also of surgical intervention Per- 
haps we should define these two methods more accuratelj’’ By the former is meant, of 
course, rest and heat to the shoulder , by the latter, an open operation The point I wish to 
make is that there is a middle ground between the two, that is, aspirating and needling 
the bursa This will often give immediate relief to a patient whose pain has been so 
intense that he has been unable to sleep for several nights 

Time also did not permit Doctor Key to mention the importance of recovering the 
function of the shoulder as soon as possible by not permitting contracture of the adductor 
muscles These shoulders should be held, so far as possible, m a position of abduction and 
external rotation We all see frozen shoulders constantlj'", due to the fact that this 
fundamental principle was overlooked by the attending physician or surgeon who has been 
caring for these patients for weeks or months and, as a result, complete function can 
never be fully recovered 

I enjoyed Doctor Kej^’s paper very much, as it was most interesting 

Dr George E Bennett, Baltimore One location that I think it would be well for 
Doctor Key to look over is the junction of the sacrum and the coccyx I have seen one 
or two patients who had to be operated on for removal of the deposit at the articulation 
of the coccyx and the sacium Doctor Johnson and I have seen, within the past year, 
three or four cases of deposits in the biceps, all of which cleared up with conservative 
treatment 

Dr Murray M Copeland, Washington I have asked (with his acquiescence) to 
discuss Doctor Key’s paper without comment from him about what I have to say, mas 
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mucli as I wish to refrain from stimulating Doctor Kev into action with Ins rapicr-likc 
\erbal thrusts 

I should like to discuss briefly the use of x-ray therapy in some of the calcified 
lesions described in Doctor Key’s able presentation There is no great mystery about the 
use of ioni7ing radiation It has been found that x-rays, gamma rays and beta radiation 
may produce direct nuclear effects in atoms of tissue by collisions Further, indirect 
ionizing effects are noted through the ionization of water which makes up a considerable 
portion of body fluids and tissue Oxidizing agents and reducing agents are formed m 
the ionization of water, which may alter the pH of body fluids, the respiration of cells 
and reduce thrombin, etc With these effects it is not difficult to suggest the possible 
changes in physiologj' which occur, including dilation of blood vessels, increased tissue 
fluid exchange of the part irradiated and, frequently, the resorption of excess salts such 
as calcium, when present Increased fibrosis, sclerotic vessels, infection or tissue damage, 
maj retard or preient favorable therapeutic irradiation effects 

I am not offering these remarks as the ultimate explanation, but I think probably 
the effects mentioned represent some of the biologic changes brought about by ionizing 
radiations 

Dr J Albert Ke\, St Louis (closing) I do not like to needle shoulders You 
have to get the needle in the calcium in the floor of the bursa, and this may be difficult 
When it IS m the bursa it means the deposit has ruptured and the contents have become 
disseminated and pressure has been released Usually those cases get well promptly if 
you leave them alone If you can hit the right area with the needle— usually about a 
i6 gauge, which is quite a needle— and you jam it around in the area, you may get 
absorption My experience has been that those people have a pretty tough time for 48 
hours and maybe longer after the needling, before they start to get well, while with a 
little incision which can be made under local anesthesia, one can clean it out and close up, 
and when the patient wakes up his pain has gone and he gets well 



PARTIAL HEPATECTOMY WITH INTRAHEPATIC 
CHOLANGIOJEJUNOSTOMY* 


A USEFUL ADDITION TO TECHNICAL METHODS FOR THE 
MANAGEMENT OF COMMON DUCT STRICTURE 

Harwell Wilson, M D , and C E Gillespie, M D 

FROM THE DEPARTMENT OF SURGER\ OF THE UNtVFlSITY OF TENNESSEE 

One or the most DirncuLT problems encountered by the experienced 
surgeon concerns the repair of a stricture of the common bile duct Intrahepatic 
cholangiojejunostomy with partial hepatectomy, a procedure recently intro- 
duced by Longmire,*^ is a valuable technic for use m certain unusual and espe- 
cially difficult types of biliarj'' stricture 

ETIOLOGY AND PREVENTION OF BENIGN STRICTURE 
OP THE COMMON BILE DUCT 

It IS well known that benign stricture of the common bile duct may rarely 
occur as a result of infection in and about the duct Fibrosis of the ampulla of 
Vater may result in stricture The majority of benign strictures of the common 
duct result from injury to the duct acquired during the course of cholecystec- 
tomy Such injuries aie most likely to occur when clamps or sutures are placed 
blindly in an attempt to control bleeding which may take place during a 
routine cholecystectomy Expeiienced surgeons have repeatedly called atten- 
tion to the necessity for great care in the management of such problems in 
order that serious complications may be avoided The surgeon or first assistant 
can almost always control such hemorrhage by compression of the hepatic 
artery between the index finger and thumb after the finger has been inserted 
into the foramen of Winslow Adequate light, good retraction and proper 
anesthesia are, of course, necessary before such a situation can be managed 
safely 

A number of injuries of the common bile duct have occurred in operations 
that were considered by the original operator to be technically easy In such 
instances, the common duct is usually pulled up, ligated and divided without 
the knowledge of the operator Adequate surgical tiaining and constant 
attention on the part of the surgeon are necessary to decrease the incidence of 
this distressing complication 

METHODS PREVIOUSLT USED FOR THE REPAIR OF 
COMMON BILE DUCT STRICTURES 

The fact that so many methods of repair have been devised for stricture of 
the common duct is good evidence that no one method is uniformly successful 
It IS also true that no one method is applicable to all cases The methods m 
use have consisted of variations of two general principles These are ( i ) end- 
to-end suture of the duct and (2) suture of the proximal end of the duct to the 

** Read before the Southern Surgical Association, White Sulphur Springs, W Va , 
December 8, 1948 
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btomach, duodenum or jejunum Advances have been made m this field, but 
the problem will long lemain a senous one It is geneially agreed that a 
mucosa-to-mucosa, end-to-end anastomosis of the common duct is the pro- 
cedure of choice where this can be accomplished Cattel^ has been able to 
accomplish repair by this method in a lemarkably high percentage of cases by 
mobilizing the portion of the distal common duct which lies m a retroduodenal 
intrapancieatic position 'Mlenr by popularizing the Roux Y piocedure made 



Fig 1 — Resection of left lobe of liver Bleeding from the cut liver edge is controlled 
by utilizing overlapping mattress sutures \\hich are tied over a strip of gelfoam At the 
site of the intrahepatic duct one mattress suture is placed through the liver substance above 
the duct and another is placed through the Iner below the duct to avoid inclusion of the 
duct by mattress suture An artery (A) which requires individual ligation often accom- 
panies the intrahepatic duct (B) A small amount of liver tissue adjacent to the duct is 
removed with a curette 

Inset shows incision used Left lobe of liver is delivered into wound after dividing 
the triangular ligament 

a definite contribution to the problem Dragstedt^ and Zenninger^ have also 
made helpful suggestions in the management of such cases 

In an occasional case which has resulted from injury or infection, almost no 
remnant of the common bile duct may be found It is m such cases that mtra- 
hepatic cholangiojejunostomy with partial hepatectomy may offer the possi- 
bility of cure m an otherwise hopeless case 

LONGMIRE PROCEDUBB 

As a result of studies on human livers obtained at autopsy, Longmire con- 
cluded that the left mam hepatic duct drams the left lobe of the liver, the 
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quadrate lobe and most of the caudate lobe Evidence was also found which 
suggested that the right and left duct systems might communicate through 
numerous fine ducts in the caudate lobe Before the Society of University 
Surgeons m January, 1948, Longmire reported upon a patient in whom he had 
successfully performed an anastomosis between the mam left hepatic duct and 
the jejunum after performing a partial hepatectomy to expose the duct It was 
pointed out that the dilatation produced by chronic obsti uction affords a larger 
duct foi anastomosis than otherwise would be found 



Ug 2 — The Roux Y is utilized in secur- Fig 3 — After completion of the duct 
mg an end-to-end anastomosis between intra- anastomosis the Roux Y is completed and 
hepatic duct and jejunum The anastomosis the catheter is brought outside through a 
is performed around a catheter which is stab wound Penrose drains are also brought 
brought out the jejunum by the Witzel out through stab wound 
method Interrupted sutures are used in 
performing the mucosa-to-mucosa, end-to-end 
anastomosis The end of the jejunal loop is 
partially closed on either side prior to per- 
forming the anastomosis in order to compen- 
sate for the disparity in size of structures to 
be united 


Case Report D M , a 44"ycar-old white male, entered the hospital on our service 
January 31, 1948 The patient’s chief complaint was jaundice accompanied by recurring 
bouts of chills and fever 

Sixteen months prior to the time we saw the patient he had undergone cholecys- 
tectomy The gallbladder was said to have contained many stones The postoperative 
course was uneventful except for an unusually profuse drainage of bile from the wound 
for a number of days Subsequent to his original operation the patient began to experience 
recurrent attacks of jaundice which varied in intensity He was hospitalized on three 
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of bile drained from the duct, but we were unable to catheterize this structure It was 
decided to perform a hepatoduodenostomv Accordingly, a small longitudinal incision was 
made in the superior wall of the duodenum, which had previously been freed by incising 
the peritoneum along its lateral border The duodenum was then lifted and the margins 
of its opening in the superior wall w'ere sutured to the undersurface of the hilus of the 
liver This was sutured about the point of exit of the duct from the liver to give the 
effect of a sort of cup-hke container beneath the duct opening 

The patient was not improved by the procedure The jaundice persisted, as did the 
leciirring attacks of chills and fever It W'as our opinion that the Longmire procedure, 
namely, partial hepatectomy and anastomosis of the bile duct of the left lobe of the liver 
to the jejunum, was indicated 



Fig 5 Serum bilirubin determinations before and after li\er resection and mtrahepatic 

cholangiojejunostomy 


On Maich 13, 1948, tins procedure was accomplished A modified inverted V type 
of subcostal incision was used The triangular ligament supporting the left lobe of the 
liver was divided and the left lobe of the liver delivered into the w'ound The lobe of the 
liver was compressed betw'een the left index finger and thumb wdule the partial resection 
of the liver was accomplished Through-and-through overlapping mattress sutures were 
used to control bleeding from the cut surface of the liver 

A bile duct was found of size sufficient to allow the placement within it of a number 
14 French catheter Liver tissue immediately adjacent to the duct was curetted away m 
order to leave 5 mm of the duct protruding beyond the cut surface of the liver A Roux Y 
loop of jejunum was utilized to make an end-to-end anastomosis between the jejunum and 
the bile duct Care was taken to secure an accurate mucosa-to-mucosa anastomosis The 
anastomosis w'as performed over a catheter and the catheter was brought out the jejunum 
in the Witzel manner 

Microscopic examination of the portion of liver removed showed the presence of a 
rather diffuse hepatitis There was an increase in the connective tissue in many of the 
periportal areas and there was also a rather extensive inflammatory reaction present, 
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characterized by tiie presence of infiltration with polymorphonuclear leukocytes and with 

round cell infiltration , , x a 

The immediate postoperative course was a stormy one characterized by lever A 

partial wound disruption required secondary closure on the twelfth postoperative day 
Bile was noted in the stool on the thud postoperative day and has continued to be 
present The patient’s general condition has gradually improved and he has gamed approxi- 
mately 20 pounds in weight The patient states that he feels better than he has since the 
onset of his original biliaiy symptoms He has returned to full time work as a stationary 
engineer The serum bihuibm determination has returned to norma! 

SUMM^VRY AND CONCLUSIONS 

1 The gravit}’’ of common bile duct injuries is emphasized and the com- 
monly used methods of repair ai e bi lefly i eviewed 

2 No one method of bile duct repair is applicable to all cases 

3 Cholangiojejunostomy with partial hepatectomy offers a method of 
re-establishing continuity of the biliary tract in some exceptionally difficult 
cases where restoration of continuity by othei methods has heretofore been 
impossible 

4 One case treated by cholangiojejunostom) and partial hepatectomy is 
reported 

5 Regardless of the type of treatment used m i e-estabhshing continuity, 
such patients are subject to the possibility of lecurrent difficulty over a period 
of years 
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Discussion —Dr Frank H LAurr, Boston I am sure that it is of value to all 
who have to deal with stricture cases, to be aware of the various methods that can be 
used, because anyone who has dealt rvith many of them will willingly admit that they are 
difficult, that they are often unsatisfactory and that, no matter what is done, eventualh 
many of them get into trouble again On the other hand, I believe we should present the 
results of our experiences to bear out what the author has stated , that is, any method 
that does not preserve the sphincter is not as good as one that does It will be impossible 
m some cases to do an end-to-end anastomosis, as Doctor Cattell and I have tried to bring 
to everyone’s attention We are not sure whether or not we devised this, and we do not 
care We do know that it is not recognized and utilized as a method as often as it should 
be, and we have urged its use on eveiy occasion when we have discussed this problem 
We want to stress these things again If a bile duct is injured it is not the common 
duct m most cases, it is the hepatic, the high hepatic that is injured This means that that 
portion of the duct m the pancreas, behind the duodenum, is protected from injury and is 
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therefore available if it can be found, and it can be found in almost all cases if you know 
how I have been unable to find it once or twice, but on at least one occasion when I did 
not find It, autopsy revealed that it was there and I should have found it It often takes 
hours, literally, it takes a tremendous amount of pains and patience, with the bleeding 
that comes from splitting the head of the pancreas It takes mobilization of the duodenum 
It IS difficult, but it can be found, and it can be better found outside the duodenum in most 
cases than thiough the duodenum and trying to find the papilla The papilla wntliin the 
duodenum is difficult to find, the duodenum bleeds, the papilla is lost in the duodenal 
folds You can often come upon it, but if you do not it is difficult to know at what level 
to make the incision in the duodenum at such a point that it is easy to find 

If you can find that portion of the duct which is in the head of the pancreas, and if 
vou can split the edge of the pancreas, you will remember that the duct is well vascularized 
by Its own blood supply, because it has annoved \ou more than once in operating for 
common duct stones If you can mobilize it y'ou can mobilize the head of the pancreas, 
and you can mobilize the duodenum so that you can usually' get it up to the end of the 
cut hepatic duct 

Regarding the operation of anastomosis of the left hepatic duct in the left lobe of the 
liver to the jejunum, the point I would like to make in connection with this operation — 
and I have no desire to condemn it or to detract from its originality — is that I belieie 
when the left hepatic duct can be anastomosed to the jejunum by amputating the left lobe 
of the liver, a good section of common hepatic duct will of necessity' remain, to which, 
with the mobohzed common duct, a direct anastomosis can be made and thus preserve the 
sphincter We have had Doctor Meissner, who is associated with Dr Shields Warren in 
pathology, do a number of corrosion specimens for us, imccting the bile ducts with a plastic 
material We believe that the two duct systems are largeh separate and, as shown by 
these corrosion specimens, the left lobe of the liver has a bile s^stem which comes down 
to the left hepatic duct to join uith the right hepatic duct, the right lobe largely having 
biliary tree and hepatic duct of its own We believe there are almost no communicating 
bi anches that ai e of any great value , if thei c are communicating branches they are small 
and of relatnely little value even, I believe, with dilatation I would like to make sure 
that everyone understands this point — that this operation of implanting a left hepatic duct 
into a jejunum has no advantages over implanting a common hepatic duct into the 
jejunum, which can be done if common hepatic duct remains, and does have the disad- 
vantage of not making use of the sphincter 

Doctor Cattell has developed a plan for patients who hav'e only the two iiitrahepatic 
ducts left, which vou will find valuable I reported at the last meeting of the New England 
Surgical Society' 227 — not operations — but 227 patients with stricture of the bile duct 
upon whom we have operated These strictures have been of all kinds and the patients 
have been tin ough all kinds of procedures before coming to us , that senes is now around 
23s What often makes this operation of duct mobilization and direct anastomosis so 
difficult in cases in which we would like to employ it, is that the patients have been 
opeiated on so many times that the common hepatic duct is completely destroyed I have 
just operated on a patient who had been operated on seven times. Doctor Cattell has just 
sent one home w'ho had eight attempts at repair In those cases there is no common hepatic 
duct left , they' ai e all intrahepatic divisions, and in dealing with these stricture cases one 
must learn to dissect the intrahepatic duct out of the liver vv'ith the fulguration apparatus 
You have to learn to demonstrate them within the liver as individual ducts What Doctor 
Cattell has done that I think is a real contribution, is to approximate the intrahepatic duct 
divisions by intraductal sutuie, to convert two ducts into one, split them, and then put a 
Y-tube up one and a straight tube down the other for anastomosis to the end of the 
common duct Manv of these are not going to be great successes, but if the sphincter is 
preserv ed the patient has a better chance than if it is not preserved 

We know that the Lord will help you on many of these cases He has to— and everj'- 
one knows our golf pro who has been around the clinic so long We have performe 
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seven operations on him, he has now gone thiec years since the last anastomosis, is well 
and has ^\on several golf tournaments He has had rubber tubes and vitalhum tubes 
put m and now has a successful direct anastomosis I plead with everyone not to go 
through what we went through originally — if it is avoidable, and sometimes it is not, 
that IS, makeshift procedures, such as implanting tubes and anastomosis of hepatic ducts 
to bowel We should try to do an opeiative procedure that offers a chance of getting the 
patient permanenth well, and avoiding if possiiile ascending infection All patients with 
duct anastomosis and tube implantations do not have ascending infection Some of the 
jaundice attacks thej ha^e are the result of recurrence of stnctuie I do not mean to 
say that end-to-end anastomosis will abolish those, they will occur just the same, but when 
a good mucosa-to-mucosa anastomosis is obtained it will produce a better result than any 
of these makeshift procedures 

This is so trite that I blush every time I say it, but we ought to concentrate on giving 
more attention to publicizing how dangerous cholecystectomy is We realize that chole- 
cystostomy has been almost abolished, but thousands of cholecystectomies are being done 
eveiy day and each one is a possible stiicture If the patient died instead of recovering 
after injurj’- to his ducts, in many cases he would be better off than to live with what he 
has to go through m the way of expense and suffering We should publicize the fact 
that cholecystectomy is a dangerous opciation It is dangerous unless one realizes how 
important it is to contiol the blood supply, to demonstrate definitely the anatomic relation- 
ship, and to realize that anomalous anatomy is very common I believe we could do 
nothing better than to wi ite more and more on the need for accuracy in cholecystectomy, 
and recording the finding of the common duct in the pancreas and behind the duodenum 
I belieie that many tend to say — “Oh, I cannot find that duct in all that scar tissue” 
You can If you will lift the head of the pancreas where it projects to the right beyond the 
duodenum, if you will mobilize the edge of the duodenum by freeing the vascular external 
edge that bleeds so and annoys you, and roll it in, jou can find it if you are patient 
Then if you find the common duct in the head of the pancreas you can mobilize it, and 
j ou can put the ends of the common and hepatic ducts together in many of the cases It is 
surprising how much duct is left when you have exposed it You must remember that the 
duct does not go straight down, it goes over and then down, and when it is freed it 
becomes straight In many cases these ducts can be put together up in the hilum of the 
liver If a T-tube is inserted it must be left in a minimum of a year , it must not go 
through the anastomosis but in a slit below, with the upper limb up through the anasto- 
mosis It must be irrigated daily or night and morning, or it will block, it will occa- 
sionally need ether injections If left in for a year, in many instances the results will last 
and will be better than those obtained with other methods 

I would not have you think that we say this operation can be done on every case 
because we know that is not so, but I do want to say that with experience you will be 
i surprised how often you can find a good length of the duct and how often you can put 

the two ends together which, after all, is the most physiologic of all operations for stric- 
ture of the bile ducts 

Dr R L Sanders, Memphis It is a pleasure to discuss this paper, particularly since 
) It was presented by one of our younger surgeons on his first appearance before this 

Association Doctor Longmire, who originated the opeiation described, and Doctor Wilson 
have both recently become professors of surgery, Doctor Longmire at the Umversitv of 
California and Doctor Wilson at the University of Tennessee, and both are to be con- 
gratulated on the fine work they are doing 

Doctor Lahe> has just expressed much of what I wanted to say Every surgeon 
will agree that, if possible, defects of the ducts should be repaired by end-to-end anasto- 
mosis Occasionally, one encounters a case, such as that reported by Doctoi Wilson, 
wherein the duct has been destroyed so completely that nothing remains to bridge the wide 
gap between the liver and the pancreas 


763 



WILSON AND GILLESPIE 


Annals of Surgen 
June 1949 


We recently had a case similar to that of Doctor Wilson, which I reported just last 
week before the Western Surgical Association The patient, a lady 32 years of age, had 
had a cholecystectomy elsewhere and at the operation both the common and the hepatic 
ducts had been excised A short time later she had become jaundiced and a tube had been 
inserted for drainage At her first visit to us, 8 months postoperatively, the tube was 
draining bile-stained fluid, but she was still jaundiced, was having chills and fever, her 
liver was enlarged, and she had lost 20 pounds in weight On exploration we could find 
only a short end of the duct down beneath the head of the pancreas The proximal end 
had sloughed away up into the liver hilus and completely strictured, producing a bile cyst 
After evacuation of the cyst, an hepaticojejunostomy was performed according to the 
Allen method The operation was successful for a time Eight months later, however, 
the patient returned, presenting the same clinical picture as before We operated again, 
this time disconnecting the jejunum at the hilus, removing a large number of stones from 
a pocket in the liver and, since no duct could be found, resuturing the end of the jejunum 
into the liver hilus The mucosa was not inverted, in the hope that by this measure the 
anastomosis might be successful As before, the suture was made around a tube which 
was brought out through the jejunum below The patient progressed satisfactorily for 
SIX weeks The chills, fever and jaundice then recurred and were accompanied by 
abdominal pain and the passage of blood through the bowel The liver was enormously 
enlarged Despite medical treatment, her condition grew worse and it became apparent 
that something drastic must be done Having m mind Doctor Longmire’s operation, and 
with the inspiration of Doctor Wilson’s success m the case just reported, I decided to 
trv a similar procedure 

On exploration, the left lobe of the liver filled the upper abdomen, displacing the 
right lobe to the other side, and was in such poor condition that removal of the entire 
lobe seemed advisable Before its removal, through-and-through mattress sutures were 
inserted along the dividing line between the lobes to control hemorrhage and, after 
removal, continuous sutures were inserted along the cut edge The left hepatic duct was 
isolated for a distance of two inches as the lobe was being removed An attempt was now 
made to draw up the common duct for anastomosis to this segment, but was unsuccessful 
The jejunum proximal to the Roux-Y anastomosis formerly made was therefore brought 
through the transverse mesocolon and the side united to the end of the hepatic duct, 
mucosa being sutured to mucosa A lateral enteroenterostomy w’as then made below 
Finally, as a precaution against slipping, the jejunum w’as tacked to the under surface of 
the liver for some distance on both sides of the anastomosis with the duct, and to the 
transverse mesocolon at its point of emergence The previouslv made hepaticojejunostomy 
was not disturbed 

To the present time, now more than six months postoperatively, the patient has been 
getting along well and has gained 3S pounds in weight Her icterus index is still elevated, 
but the liver is decreasing in size It is probable that, sooner or later, the duct rvill 
restncture , even so, the operation will have been worth while 

As stated in the beginning, such procedures as these should be employed only after 
every effort has been made to unite the two ends of the damaged ducts When the occa- 
sion does arise, however, they may offer the solution, at least for a time, to the patient’s 
senous predicament 

Dr Waltman Walters, Rochester, Minn I think we should congratulate Doctor 
Wilson and also Doctor Sanders, for putting to clinical application an experimental prob- 
lem which Doctor Longmire worked out so well in Doctor Blalock’s laboratory It seems 
to me this is the very best type of investigation, in which we all should be interested 
I have had on another occasion an opportunity to congratulate Doctor Blalock on the 
clinical application of certain fundamental principles which he and his associates have 
studied in the experimental laboratory and have then carried into the field of clinical 
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surgerj' I think the presentation of these two cases today by Doctor Wilson and Doctor 
Sanders is really an epoch-making occasion and I want to congratulate them both 
These are two or three points one could well consider, particularly in Doctoi 
Sanders' case, in undei standing the excellent results Doctor Wilson has obtained With 
left partial liepatectomv and hepaticoenterostomy it stands to reason that there must be 
some collateral circulation betw'cen the ducts in the left lobe and in the right lobe, for if 
there were not, after the passage of the sixth month Doctor Sanders’ patient would have 
continued to be jaundiced Regardless of wdiat the coirosion specimens show, and these 
were thoroughh studied 22 years ago b> kfcindoc and Counseller, there is no doubt that 
there is a communication between the two lobes of the Inei, through their mam hepatic 
duct w'hen these ducts unite within the Iner, as they do 111 most cases Moreover, the 
possibilities are that, when obstruction occurs 111 the extrahepatic bile ducts, there is a 
greater tendenci for an iiitcrconmiuiiication than there w'ould Ic under 1101 mal circum- 
stances I belieic that is one reason why, if one is successful, as these gentlemen liavc 
been, with this procedure, there is reason to believe there nia\ be sufficient communication 
between the two sides of the luer so that it w'lll w’ork cffectiveh I do not believe either 
Doctor Wilson or Doctor Sanders need be too pessimistic about future results , after all, 
if one can relieie the patient of a \ery serious condition m which there is serious damage 
to the liver, e\ en if it be necessarj later to do a somew hat similar opei ation or a variable 
one, I think a great deal has been accomplished 

I want to congratulate both these gentlemen for making a \er> fine contribution to 
surgery, and I also want to congratulate some of the jounger surgeons who are doing 
experimental work, Doctor Blalock and Ins associates, Doctor Longniire and others who 
have applied chnicallj the principles which these gentlemen have learned in training 
young American surgeons 

Dr Harw'ELL Wiisox, Memphis (closing) Doctor Longnnre, with whom I ha\e 
discussed this problem, feels \ery definitely that, as Doctor Walters intimated, there is a 
definite communication between the right and left lobes tlirougb the caudate and quadrate 
lobes In addition to making this statement, I would like to thank Doctor Laliey, Doctor 
Sanders and Doctor Walters for their discussions 
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COMBINED SUPRADUODENAL AND TRANSDUODENAL 
EXPLORATION OF THE COMMON BILE DUCT* 

Howard Mahorner, M D 
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FROM THE SURGICAL SERVICES OF DR HOWARD MAHORNER BAPTIST HOSPITAI AND 
TOURO INFIRMARY NEW ORLEANS LA 

The objectives of this presentation are to discuss the advisability of 
opening the duodenum at the time the common bile duct is explored , to present 
as evidence a group of cases to show that combined supraduodenal and trans- 
duodenal exploration of the duct at the same time offers certain distinct advan- 
tages ovei and above those obtained by only supraduodenal exploration of the 
common duct , and to show advantages gained by extending the T-tube drain- 
ing the common duct into the duodenum 

A brief recapitulation of the important steps in the development of surgery 
for benign lesions affecting the common bile duct ma}’- be interesting The 
operation of opening the common duct above the duodenum for the removal of 
stone was first performed by Kummell/^ who described the procedure in 1890, 
and by Thornton^'^ who first successfully performed the operation in 1889 and 
reported it m 1891 The procedure of removal of stones by incising the duct in 
its retroduodenal portion has been credited to Haasler,^ who described it in 
1898 McBui ney^^ performed a transduodenal operation first in 1892 McBur- 
ney opened the duodenum, seveied the ampulla and removed the stone, but he 
did not open the common duct above the duodenum In 1898, he reported six 
cases with five recoveries Kocher first performed a transduodenal operation 
in 1894 He cut through the duodenal mucosa into the common duct but did 
not sever the sphincter The common duct and duodenal walls were approxi- 
mated with sutures 

It IS difficult to find m the literature the basis for the frequently expressed 
extreme aveision to opening the duodenum to obviate obstiuctions of the com- 
mon bile duct Undoubtedly it may be attributed to fear surgeons have of 
duodenal fistula and of the danger of infection and peritonitis Another factor 
in their attitude may be the feeling that duodenal reflux 01 regurgitation of 
duodenal contents into the biliary tract can set up cholangitis and fatal infection 
in a high percentage of cases 

However, it is time for a new evaluation of the dangers of opening the 
duodenum with present technical methods and under modern chemotherapeutic 
measures When the duodenum is opened for the exploration it should be 
carefully mobilized , the superior leaf of the transverse mesocolon should be 
cut and pushed back A longitudinal incision m the descending portion of the 
duodenum should be closed transA'ersely, securely and carefully I prefer run- 
ning fine chromic catgut for an inner suture and interrupted silk for the outer 

* Read before the Southern Surgical Association, White Sulphur Springs, W Va , 
December 8, 1948 
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If the duodenum has been mobih/.cd, secuie closuie moic leadiiy may be 
eftected 

Duodenal leflux ma} not be so dangeious as it has been legaided Whethei 
it often causes symptoms may be debatable I have left tubes m the common 
duct anastomosed to the lejimum aftci pancieatectoni) for months befoie 
lemoving them and cholangitis did not lesult Moieovei, m those patients in 
whom w'e have pulled the end of the T-tube thiough the papilla into the duo- 
denum after choledochotomy, no symptoms of cholangitis lesulted 

The almost univeisalh accepted method of releasing benign obstructions 
of the common duct is to open the common duct above the duodenum, and 



Fig I — Examples of extension of common duct drainage tubes into the duodenum as 
illustrated by postoperative cholangiograms The transvatenan extension of the tube 
prevents the recurrence of stenosis at the duodenal opening of the common duct 


remove such stones as may be engaged wuth forceps oi scoops, by aspiiation 
and lavage of the ducts and by passing graded dilators (Bakes dilators) through 
the ampulla of Vater into the duodenum Some suigeons question the advis- 
ability of forcefully dilating the iow^er end of the common duct and the ampulla 
wuth Bakes dilators 

Practically all surgeons in this countiy apparently feel that the best method 
of managing the common duct aftei it has been opened is to place a T-tube 
m it with short transverse limbs, so that “it can be easily lemoved” and so 
that the tube does not extend into the duodenum Appaiently one of the 
objections to passing the tube into the duodenum is the feai of permitting 
duodenal contents to regurgitate into the biliary system To this attitude, and 
I believe to his credit, there is one man who has taken exception, and that is 
Richard Cattell, who has devised a long transverse limb common duct tube with 
the expressed intention of having one arm of the tube extend thiough the 
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cholangiograms short-arm 
or questionable filling defect 
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‘ Fig 2 —Illustrating method described in 'o?def to facilitate 

and transduodenal exploraUOT of t e comm ^iS^s^ddator 

Svef^ri^r th JuX™ pXlf silK is tied onto the Babes 
iXs wThdSwn through the common duct 

On my private services I have opened the duodenum and *e su^a uo 
portion of fte common duct in i6 cases when ^ this small 

This IS admittedly a relatively small surpnsed us No death 

number information has been obtained which h J transverse 

Suited in this group of patients nste d ^ u mg^ ,, drain the 

T-tube arms which would remain in the vicinity 
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supraduodenal poition of the duct I have left one aim long and have deliber- 
ately pulled It into the duodenum, having the T-tube jut beyond the ampulla 
of Vatei Usually an ordmaiy T-tube is eniploj’^ed Occasionally these are too 
short and a Cattell tube is used This will pi event the recuiience of stenosis 
if the tube is left m foi a sufficient length of time 

Stones weie found m ii cases and stenosis of the ampulla of Vatei, oi the 
lower end of the common duct, was found in foui A false impression w^as 



Fig 3 — After the Bakes dilator is withdrawn the silk threaded thus 
through the common duct is attached to the uncut horizontal limb of the 
common duct T-tube and the tube is drawn into the duodenum 

gamed m three instances that the probe had traversed the papilla wdien it 
actually had not In three patients a Bakes dilator introduced through the 
supraduodenal opening of the duct and felt through the duodenal wall as 
apparently in the duodenum, was ascertained, after opening the duodenum, 
to be still in the anipullary portion of the common duct and had not come 
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through the opening in the papilla which was definitely stenosed When there 
IS little or no inflammatory reaction or edema in the region of the common 
duct the pancreas is quite mobile, and with a small Bakes dilator it is possible 
by feeling through the unopened duodenal wall the point of the dilator, to 
gam the impression that it is actually m the duodenal lumen, when such is not 
the case Such a false impression may be one factor m the recurrence or per- 
sistence of benign obstructions of the common duct 


Table I — Opeiahons Primarily jot Benign Lesions oj ihc Bthary System 


Cases 78 

Cholecystectomj (uithout exploration common ductl 56 

Cholecjstectomy (and exploration duct 26%) 20 

Exploration duct without cholecystectomy 2 

(During gastrectomy 1) 

(Duodenal diverticulum 1) 

Duct explored duodenum opened 16 

Duct explored duodenum not opened 6 

Jaundice 14 

Jaundice from stenosis (no stones) 3 

Stones common duct 14 

Stones common duct, no jaundice 3 

Death (I) supraduodenal (onlj) exploration duct 


Stenosis (once with a duodenal diverticulum near the opening of the 
common duct) was found in four instances By stenosis is meant a contracture 
at the opening of the duct into the duodenum which will not pass a 3-milhmeter 
dilator without undue force or cutting the papilla Perhaps stenosis may 
explain the high percentage of cases m reported series in which stones are 
known to be accidentally left m the common duct or reformed after supra- 
duodenal exploration of the common duct had been performed Certainly many 


Table II — Duodenum Opened {During Common Duct Exploration) 16 Cases 

Unexpected findings 


Stenosis at papilla of Vater 

3 

(Bakes dilator failed to pass into duodenum) 
Inflammatory mass region of ampulla 

1 

Passage of residua! stones 

1 

Papilloma papilla of Vater 

1 

(Stones in common duct) 


Stone in head of pancreas 

1 

Duodenal reflux 

3 


of the cholangiograms which are shown m an effort to demonstrate absence 
of stones or presence of stones after operation show a very decided partial 
obstruction at the ampulla Possibly this is ampullary contraction but it may 
also be stenosis which would be disclosed by the combined operation ' In 
those instances where severe stenosis was found m our cases the ampulla 
was cut 

We found other surprising conditions when the duodenum was opened 
which had we not opened it might have been overlooked In one instance a har 
inflammatory lesion of the duodenal wall was found near the ampulla of Vater 
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causing stenosis In another instance a patient who had been explored at a 
renowned institution elsewheie twice within the last three years and stones 
removed, came to us with rccunent common duct obstruction We also 
removed stones thiough a supraduodenal opening in the common duct, but 
on opening the duodenum we found a laige papilloma, soft and easily over- 
looked unless the duodenum iiad been opened and affecting the ampulla of 



Fig 4 — After the T-tube is placed m the common duct the supraduodenal 
opening is closed around the T-tube The duodenal opening is closed trans- 
versely and with care to obtain security The gallbladder is then removed 


Vater This w'as removed, the common duct was transplanted into the 
superior surface of the duodenum and the upper end of the residual intrapan- 
creatic portion of the common duct w'as closed off by inverting sutures 
Because the patient’s condition w^as such that he could not stand pancreatec- 
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tomy at the time, it has been deferred until he can gam a little more strength 
This IS a recent case The patient recovered and has returned to his home in 
another city He has gained weight and strength Another operation will be 
done m the near futuie with intention of removing the remaining lower portion 
of the common bile duct 

In two instances the Bakes dilator made false openings around the stone, 
once thiough the pancreas and once through the common duct into the duo- 
denum above the ampulla of Vater In each instance the stone was removed 
by transduodenal approach combined with the supraduodenal approach and 
the patient recovered In one instance, we have reason to believe that we left 

three calculi in the common duct 
This patient had had a combined 
supra- and transduodenal exposure 
and an ampullotomy for numerous 
stones contained in the gallbladder 
and common duct Postoperative 
1 oentgenograms showed shadows 
which we believed to be stones in the 
common duct Subsequent studies 
showed the disappearance of these 
stones We believe that they were 
passed into the duodenum due to the 
fact that the lower end of the com- 
mon duct was widely opened 

We have encountered reflux of 
duodenal drainage, not only through 
the tube in a number of instances (m 
almost all cases this may be obtained 
by suction) , but also around the tube 
111 three instances m which it was 
very severe All of these patients re- 
covered It IS undoubtedly undesir- 
able to have this as a complication, 
but it IS also undoubtedly not nearly 
so dangeious as it has seemed to be regarded by surgeons m general 

These i6 cases of supra- and transduodenal choledochotomy occurred in a 
group of 78 primary operations on the gallbladder and the bile ducts By 
primary operation is meant operations directed to the biliary system itself and 
not to gastric or small intestine or other lesions Moreover these cases only 
include nonmalignant lesions * In this group cholecystectomy has been per- 
formed alone in 56 cases, cholecystectomy and exploration of the common 
duct m 20 cases Thus the common duct was explored in 26 per cent of the 


* Two exceptions, papilloma of the ampulla (because he had stones) and i gastric 
resection where the common duct was intubed by supraduodenal and transduodenal 
approach 





Fig S — After exploration of the common 
duct super- and transduodenally and removal 
of the gallbladder the area is lavaged with 
saline and the common duct tube and a Pen- 
rose dram are brought through a separate 
small subcostal wound 
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cases Exploration of the duct without cholecystectomy was done twice, once 
because the duct u as intubed during a gasti ectomy for ulcer which had pene- 
trated onto tlie head of the panel eas and once for operation for duodenal 
diveiticulum 

There ^^as one death in the entiie senes of 78 cases, and this occurred in a 
patient u ho had cholecystitis and cholelithiasis, choledochohthiasis and hepatitis 
We opeiated upon him under unfavorable conditions and uhen he had high 
f e\ er, feeling that his condition u as deteriorating and that we must hasten to 
give him a chance of suivival The supi aduodenal portion only of the common 
duct was opened, stones weie removed and a T-tube was placed 111 the common 
duct The gallbladder was removed Another patient in u Inch a cholecystec- 
tomy uas done during the couise of an opeiation which was performed for 
resection of jejunum for dneiticula, died The judgment at operation was 
that cholec} stectomy uould add little to the risk and it uas done The patient 
died of peritonitis This case is not included because it is not considered an 
operation primarily directed to benign lesions of the biliary s}Stem The major 
problem w as of another chai acter Another case is excluded m which a chole- 
ejstostomy was done but the operation was pei formed foi filling defect, 
(polyposis) of the stomach m an 8o-year-old wmman In two instances, in 
addition to the above we removed the gallbladder for carcinoma, once in con- 
junction with resection of the tiansveise colon onto which the carcinoma had 
spread Both of these patients recoveied 

SUMM VRY 

A group of cases is repoiied in which the exploration of tlie common duct 
was carried out both supiadiiodenall) and tiansduodenally There w^eie no 
deaths from the 16 opeiations Simultaneous supra- and transduodenal 
exploration of the common duct levealed at tunes unexpected pathologic find- 
ings, such as stenosis of the ampulla of Vater, unexpected neoplastic and 
mflammator}^ lesions of the ampulla, residual stones m the low'er end of the 
common duct The duodenum may be opened w'lthout an appreciable increase 
in risk to the patient and it piobably insures the surgeon and patient against 
persistence of conditions wdiich primarily led to the formation of stones m the 
common duct 

Routine intubation of the common duct w'lth a T-tube following exploration, 
alw'ays wnth the lower end of the tube traversing the opening in the papilla 
and entering the duodenum is advocated This wall tend to keep the ampulla 
open and prevent recurrence of stenosis if it has been present It is an addi- 
tional safety factor to permit the passage of small stones when the tube is 
removed because of the wudely dilated papilla of Vater The dangers wEich 
have been attributed to duodenal reflux probably have been in the past 
greatly exaggerated 
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Discussion — Dr William F Rienhoff, Jr, Baltimore I have enjoyed Doctor 
Mahorner’s presentation very much and heartily subscribe to his idea of transduodenal 
removal of gallstones which are impacted in the ampulla of Vater It has been our 
custom to make a small incision in the anterior wall of the duodenum parallel with its 
long axis and over the area in which the impacted stone is palpable The duodenum once 
opened, the impacted stone at the ampulla may be delivered up into the wound without 
difficulty, and incision made in the ampulla with subsequent delivery of the stone Also, 
any stones which remain in the common duct may be milked down with great ease 
It has often occurred to me that this might be the method to be preferred for removal 
of a stone of the common duct, rather than opening the duct above the duodenum 

The technic I have employed in closure has been to suture the mucosa of the common 
duct about the duodenal mucosa through the entire thickness of the wall of the duodenum 
with interrupted “o” catgut sutures The incision in the anterior wall of the duodenum 
IS then closed in the opposite direction as in a Heineke-AIikulicz operation 

With regard to drainage of the common duct with a rubber tube for the ordinary 
run-of-the-mill case of common duct stone, to be differentiated from those cases in which 
the common bile ducts are full of smudge or bile stone mud, it has been our custom for 
the past 20 years to avoid placing a tube of any type m the common duct In 1919, when 
the late William S Halsted was recovering from the first operation on his common duct 
for removal of a common duct stone (which operation was performed by R H Folks, 
Sr), a T-tube was inserted into the common duct At that time I uas medical interne 
on the service of Dr Thomas R Boggs, who was Doctor Halsted’s physician After 
removal of the T-tube drainage of bile persisted for a long period, and Doctor Halsted s 
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interest in drainage of the common duct was vigorously renewed It is to be remembered 
that his first interest m diamage of the common duct began, I believe, when he performed 
the operation for the first time on his mother in Albany, New York, at which time he 
removed a common duct stone 

It was realized bj Doctor Halsted and Doctor Finney, Si , that the use of the 
T-tube in draining the common duct was not onlv an impractical method, but that wdien 
the tube, legaidless of how the T was constructed, was remo\ed, the suture line in the 
common duct was damaged to a greater or lesser degree This w’as due to pulling out the 
tube, which was placed in the duct in those davs, through the incision that had been 
made to remove the stone The dispantv of the opening in the duct and the size of the 
drainage tube was coirected by means of sutuimg the incision in the duct about the tube 

After joining the surgical sercice it was mv opportunity to assist Doctor Finney, Sr, 
for a numi er of jears, and it was he who fiist suggested closing the opening m the common 
duct and placing a drainage tube in the ci'stic duct if the latter w'ere large enough, or, 
inserting a tube through a separate small opening cephalward, above the original suture 
line As a rule, this secondary incision would be made at about the junction of the 
common hepatic duct and cjstic duct to form the common duct In this manner, a catheter 
inserted into the common Iiepatic duct tiirough a separate incision, or one inserted into 
the c\stic duct, could be removed without disturbance, by pulling the suture line in the 
common duct This was first cmplo>ed b\ Doctor Finney, Sr, and later, at the suggestion 
of Doctor Halsted, Di Mont Reid operated on a number of cases, draining the common 
duct via the cj Stic duct, or through a separate small opening m the common hepatic duct 
if the c\stic duct was too small to receive a catheter 

Later, in 1923, when I began my residency in surgerv, I discussed drainage of the 
common duct manv times with Doctor Finnej, Sr It was decided to abandon drainage of 
the common duct in all cases of common duct stone, except those m which there was 
bile stone smudge or mud present The technic emplojed w'as to open the common duct 
just alove the duodenum, remove the stone or stones, and then insert a uterine sound 
through the common duct and the ampulla of Vater into tlie duodenum to be sure that 
the tract was clear By this method the sphincter of Oddi was of course dilated in a 
manner similar to that following dilation of the external sphincter am, and remained flaccid 
for some unknown period following dilation No particular dilators were ever employed, 
the uterine sound being of standard size wdiich traumatized the ampulla least of any 
instrument that could be passed through it to assure one of its patency The opening in 
the common duct was then closed with interrupted fine silk sutures The abdomen was 
always drained with two protective cigarette drains 

For a period of 20 years, with few exceptions, the common duct has been closed 
in this manner There is always some drainage of bile-stained serum for four to six days 
after operation, just as one would expect after simple removal of the gallbladder There 
has not been a single instance of any complication resulting from closing the duct without 
placing a tube within it, and the convalescence of the patient has been much more com- 
fortable, more physiologic and more rapid than if the bile were drained to the exterior 
through a tube The dilated ampulla, even though this dilation is slight, allows the bile to 
proceed along its natural channel into the small intestine, and elderly patients particularly 
have a much less serious postoperative course I am opposed to placing a tube in the 
common duct except under the conditions mentioned above, and I can see no necessity 
whatsoever for this drainage except in the presence of bile-stained smudge and never, in 
my opinion, should a tube be used in the ordinary type of common duct stone or stones 
encountered 

The argument is often used that if a stone is overlooked for some reason and left in 
the common duct it is better to have a T-tube within it, but this fails to be impressive 
because, as everyone knows, the stone cannot be removed through the T-tube and the 
patient will require re-operation in any event Tubes carry infection, as all drainage 
tubes do, thereby subjecting the patient not only to the hazard of the infected wound, but 
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to the more serious pioblem of infected ducts with a greater or lesser degree of hepatitis 

In the cases of reconstruction of the common duct which I have performed, in which 
it was possible to do either an anastomosis between the stump of the common hepatic duct 
and the duodenum or jejunum, or an end-to-end anastomosis between the common duct and 
the common hepatic duct, I have always placed an indwelling catheter running down into 
the duodenum In some cases, depending on the length of the catheter in the duodenum, 
the tubes have been passed by rectum from two months to three years afterward, and in 
all cases the lumen of the tube has been completely filled with debris and bile salts which 
have been precipitated in the tube The tube has served only as a scaffold and in no sense 
of the word as an actual canal 

It seems to me that, after these many years and the profusion of papers that have been 
written on drainage of the common duct, it is time the lack of necessity of placing a tube 
in the common duct should be brought before this Association 
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APPLICATION OF TECHNICS OF RECONSTRUCTIVE SURGERY 
TO CERTAIN PROBLEMS IN GENERAL SURGERY* 

T. G. Blocker, Jr., M.D , James H. Hendrix, Jr , M D (By Invitation), 
George C. Herrmann (By Invitation) and 
Edm vrd Hall (By Invitation) 

Gaimstox, Tl\as 

Till OIPXKTMCVT OP PI-\ST1C AND MAMLLO-I ACIAI SORaPR^ ,IUM\ PRSIT^ OP TEXAS, 

Ml DICAL IIRANCII GAL\ PSTON TEXAS 

It is olk firm conviction that i econstructive and geneial surgery should 
not be entirel} dnorced from each other as specialties The plastic man loses 
much of tlie thrill of speculatue diagnosis and the satisfaction vdnch follows 
successful operations in matters of “life and death ” If he has had no training 
111 the basic sciences and in the fundamental principles of general surgery, 
moi cover, the scope of his practice is extremely limited He is apt to become a 
mere technician with his work confined w'lthm the rather nanow bounds of 
what is popularh known as cosmetic suigery The general suigeon, on the 
other hand, misses the stimulation associated wuth the devising of reconstruc- 
tive pioceduies to meet the needs of each individual case as it presents itself 
He is deprned. as well, of the pleasure of being able to achiCAe results w^hich 
are readily Msible and which are of such great emotional and economic impor- 
tance to the patient 

Theie are certain plastic pimciples which aie equally useful in all types 
of “surface” operations and which should be included m the training of every 
\oung surgeon no mattei what his specialty First among these may be men- 
tioned the conect placing of incisions to produce inconspicuous scars and to 
avoid postoperatn e contiactures In this connection it might be well to sen^e 
warning that man} textbooks of surgeiy in discussing this problem use illus- 
trations of Langer’s lines of skin tension with vertical markings on the 
forehead, neck, cubital and popliteal spaces The proper direction of skin 
incisions, however, is perpendicular to the action of the underlying muscles in 
aieas where they are attached to the skin, as m the face Where there is no 
attachment to the skin, incisions should be placed perpendicular to the direction 
of excursion of the skin which is pioduced by normal muscle pull The most 
reliable guides are the noimal creases of the skin wdienever they can be 
employed On the face, the shadow’ lines near the hair margins and the outline 
of the jaw’ often prove useful In the cheek region or other area w^here it is 
impossible to follow a normal skin fold, incisions should be staggered to break 
up the scar line, w Inch w’ould otherw’ise catch the light and seem more promi- 
nent The practice of making perpendicular incisions in the axilla and across 
joint creases, w’here the development of contractures is inevitable, is most 
deplorable but unfortunately all too common 

In the treatment of traumatic wmunds, emphasis should be placed upon the 
importance of covering all raw’ areas at the time when the patient is fii st seen 

*' Read before the Southern Surgical Association, White Sulphur Springs, W Va, 
December 8, 1948 
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Fig I — ^Diagram of the conventional Z plastic 


unless lacerations are so contaminated that primary closure is too great a 
hazard If the tissues cannot be closed otherwise, a temporary thick-split skin 
graft may be applied , m the case of an avulsion wound of the hand, a direct 

flap may be constructed by burying the in- 

J jured part into the opposite arm or the 

I abdominal wall The same principle of 

N. covering denuded areas as quicklj' as feas- 

\ / applies to acute burns, where every 

/ \ / effort should be made to prepare patients 

/ /\^ for at least preliminary grafting by the 

' W third week with the use of pres- 

— dressings, adequate chemotherapy 

\ /” and maintenance of normal blood volume 

and protein balance by repeated transfu- 
sions of whole blood 

It is often a temptation on the part of 

/ the surgical house staff, especially when 

confronted with a number of severe lacer- 

, ^ ations in accident cases at night, to sew up 

\ / wounds as rapidly as possible with what- 

^ ^ suture material is at hand Unfortu- 

^ " nately, it is sometimes impossible to re- 

\ ' move entiiely at a later date a disfiguring 

Fig 2 —Diagram showing the' ap- scar or the marks of widely placed sutures 

flap in a per- which might have been avoided with a 
manent tracheotomy opening ^ 

little patience and care All wounds should 
be closed accurately in layei s On the face 
and exposed surfaces, delicate suture material should be employed , stainless- 
steel wire gives rise to a minimum of local tissue reaction, and the results 
obtained with its use are well worth the additional time and effort required 
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Fig 2 — Diagram showing the' ap- 
plication of a triangular flap m a per- 
manent tracheotomy opening 
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\ piessuic diessing bhoulcl be apphed ni ever}' case, as a niattei of loutine, 
to prexcnt postopeiatuc edema and hematoma formation 

Siinicienl stiess should lie placed upon the necessity of undermining' the 
suiiounding dvin lo iche\c tension on noiind edges If undeimming alone is 
not suflkicnt the tissues ma\ lie le- 
aiianged 1)\ the transposition of 
flaps of skin Tlie so-calied Z-plastic 
operation wliitli lias been jiopulai- 
i/ed in this count! \ paiticulaiK In 
lohn Staigc IDaMs, Kitlowski and 
Ferns Smith is one of the most use- 
ful proceduies n Inch the general sui - 
geon inaj appropriate f i om the ai ma- 
ineiitanuin of the plastic sin geon 
Figure I shons the geneial plan of 
the Z Its undei K mg principle is the 
achicieineiit of relaxation of the tis- 
sues along the ccntial line as a lesult 
of the transposition of tissues from 
the margins of the area into the re- 
gion of contiactuie or tension The pj^, 3 -Diagram shoumg the use of a 
central limb senes as a common side tuangular flap in the repair of a parotid-duct 

of two tnangulai flaps The tno 

arms of the Z or reiersed Z, as the case may be, aie outlined usually at an angle 
of 60 degrees and blunted to avoid conipiomise of the ciiculation at the tips 
The contribution of technics of reconstructive surger}' to general .surgery 
we feel should not be hunted howe\ei, to those which we have just outlined, 
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and we have recently decided to investigate the practicability of applying 
plastic procedures to problems in visceral surgery Clinical and experimental 
work in progress deals with methods of preventing postoperative constriction 
The amount of stricture which develops from a circular scar depends upon 
the size of the lumen of the tube as well as on the quantity of scar-tissue forma- 
tion In the large and small bowel, therefore, obstruction following ordinary 
surgical procedures is something of a rarity In tubular anastomosis end-on in 
other parts of the body, however, strictures are frequent and troublesome, espe- 
cially where a viscus is anastomosed to the skin, as in a short, single-barrel 
colostomy, a tracheotomy, after laiyngeal lesection, and m certain stages of 
operation for repair of hypospadias when the normal urethia is sutured to the 



Fig s — Roentgenogram five months after anastomosis m an experimental 
animal (i) Conventional type (2) Modified Z plastic 

artificial skin-formed tube For the prevention of scar contracture in these 
instances, we advocate the use of a small triangular flap of skin to be sutured 
into a V-shaped opening in the margin of the hollow tube So fai we have had 
very good results in several patients with permanent tracheotomies (Fig 2) 
This same method we employ in the repair of an external fistula of the parotid 
duct, which is dissected away from the cheek and brought into the mouth 
through a triangular incision 

The apex of the flap is sutured into a slit made on the side of the tube 
(Fig 3) This procedure has also been reported by Thomas Stevenson In 
the reconstruction of the esophagus by a skin-lined tube, the anastomosis to 
the stomach is accomplished with an inverted A^-shaped incision to place a 
triangle of normal tissue across the line of tension and thus avoid a circular 
scar At the present time, work is in progress, in collaboration with Dr R M 
Moore and Dr A O Singleton, Jr , to stud)’^ postopeiative lesults in experi- 
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mental annuals follow the use of simtlai tuangulai flaps in the common 
bile duct 

In addition to tins piclunmai} nnestigation, we have been veiy much inter- 
ested m dcMsing a modilied Z-plastic piocedure to be employed m various 
t3pes of txibulai anastomosis to pie\cnt stiictuie foimation In w'oiking out 
tlic method we ha\e selected the small bowel of the dog as the most available 
material to ob^enc foi expeiimental puiposes In each animal a conventional 
end-on anastomosis was peifoimed as a control, wuth the incision slightly 
oblique according to the usual piactice We next made in each animal a second 
resection and closuie, cmplo\ing a modified Z-plastic In older to maintain 
abundant cii dilation, the tiiangulai flaps which foim the Z w^eie placed m the 
mesentenc boidei of the gut Incisions foi icsection weie made as showm m 



Fig 6 — View fi\e months after anastomosis m an experimental animal with 
the gut opened opposite the mesentenc bordei 


the diagram (Fig 4) Perpendicular incisions were carried first midway 
through both sides of the bow^el m each segment (AB and A'B') They were 
then earned thiough the remainder of the bow'el at an angle of 120 degrees 
down to the mesentenc bolder (BC and B'X') A V-shaped portion of the 
mesenter}^ w^as removed along w'lth the resected bowel Next a honzontal slit 
(BX) was made equal m length to the flap on tlie mesenteric border A similar 
incision (B'C) w^as made on the other surface of the opposite side Now with 
a quarter-rotation of the bow’-el the two flaps thus made w^ere transposed, 
bringing together points X and X' and also C and C As may be noted, the 
mesentery now’^ w^as piesent under each flap and the lumen of the bow’-el was 
considerably enlarged, as one wwild expect from the mtei position of extra 
tissue The procedures were carried out m eight animals, and after the lapse of 
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from three to five months theie was still apparent, both by roentgen study 
(Fig 5) and direct visualization (Fig 6), an increase in the size of the lumen 
of the bowel in comparison with the site of the conventional anastomosis We 
are hoping in the near future to employ the modified Z-plastic m smaller tubes 
where stricture often presents a genuine clinical problem 

CONCLUSION 

Certain technics m surface operations which are considered to be within 
the province of reconstructive surgery are actually applicable to all branches 
of surgery and should be included in a comprehensive training program The 
use of plastic piinciples in the solution of long-standing problems in general 
surgery is presented as a challenge which merits extensive laboratory and 
clinical experimentation 


Discussion — Dr E A Kitlowski, Baltimore Unquestionably tbe use of Z-skin 
flaps in skin, rather than a linear incision, will offer better exposure and closure and will 
prevent many scar contractures which we have to contend with In conjunction with 
the dressing Doctor Blocker mentioned in his excellent presentation, of necessity 
one must be a little careful that too much pressure is not exerted, for fear of interfering 
with the circulation of these flaps Incidentally, in creating the flaps it is very important 
that the angles of the flaps 1 e not made too sharp, so there will be no necrosis at the ends 
of the flaps themselves I think if this method were applied as Doctor Blocker suggested 
to work inside the bodv, it would be a very important factor in the success or failure 
of the operation 

Dr Robert E Moran, Washington I enjoyed this presentation very much I am 
sure Doctor Blocker does not mean to infringe on the field of the general surgeon I think 
he feels that there should be better co-operation between the plastic and the general 
surgeon For example, in credentials for our Plastic Board, the plastic surgeon has to 
have one or two years of general surgical training A general surgeon passing the 
Board seldom has the opportunity of any detailed training in plastic surgery One 
important phase of plastic work is traumatic surgery as it comes into the general 
hospital This is usually handled by the general surgeon , I speak now of automobile 
injuries in which there is a tremendous amount of damage to the face, etc When one 
sees the case five or six days after the repair, the resident will say there was just too 
much bleeding to get good tissue closure, etc 

If you explain to the resident that the thing to do is to spread the wound wide and 
tie off the vessels, usually structures will be seen that we know go together For example, 
in the old days we used to shave the eyebrows, but in severe injuries the eyebrow is an 
important landmark , the edge of the lid, the ala of the nose and the mucocutaneous 
junction of the lip are important If we put together only tissues that we know belong 
together, we finish with a fairly good-looking face and there is little work for the 
plastic surgeon to do later I have found that by talking to these residents and learning 
their problems, and having them come over on the plastic service for a few weeks, it 
has repaid splendidly by the fact that we seldom have to do much later with severe 
facial injuries 

Dr R M Moore, Galveston Doctor Blocker has described a method for the anas- 
tomosis of small tubes which seems to have several applications m surgery I am not 
sure of its usefulness in dealing with the intestine Probably there is no particular need 
for it in anastomosis of the adult intestine, which is of sufficient diameter that constriction 
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at the site of anastomosis is not a gieal problem A metliod is needed to facilitate anas- 
tomosis of \cr\ small calibre intestine such as that distal to an atresia m infants How- 
ever, m this situation, tlic dispaiitj in the sire of the provimal and distal loops would 
make Doctor Blockei’s technic scaicclv applicable 

In end-to-end icpair of divided or stiictuied common duct, on the contrary, the 
technic appears vciv useful Di \ O Singleton, Jr, and I have been doing some 
e\penmcntal work upon the common duct m dogs and have taken occasion to test this 
method 01 anastomosis In dogs of aveiagc si7c the common duct is almost too small 
for accurate ainstomosis unless it has been e\pcnnicnta!lv dilated by ligation of the 
distal duct a week or two previoiisl} If such a dilated duct is sectioned and the cut ends 
arc then anastomosed In this tcchiiic, the 7one of anastomosis appears a widening in the 
duct rather than a nairovvmg, and still has this appearance some weeks later This sug- 
gests that the method would he advantageous in repairing other small tubes such as the 
parotid duct and the ureter It niaj also be useful in arterial anastomosis 

The method Doctor Blocker has shown foi pi eventing contracture at a tracheotomj 
stoma can be applied to jircvcnt skin contracture about a colostomy opening 

Du T G Biocmk, Ju, Galveston I certainly thank the discussers of the paper 
I want to repeat again that I am not trvmg to demonstrate a method of anastomosing 
intestines Mv pnmarv objective is to show the value of this technic and its possibilities 
in anastomosing tubes tliat have their circulation in their entire wall 


THROMBOSIS AND EMBOLISM* 

THE FIVE-TEAR EXPERIENCE OF A SMALL GENERAL HOSPITAL 

Roy C Wigginton, M D (By Invitation), Willard H Parsons, M D ’ 
AND W Kendrick Porks, M D (by Invitation) 

FROM THC VICKSBURG HOSPITAL AND CLINIC VICKSBURG MISSISSIPPI 

During the five-year period ending January i, 1948, phlebothrombosis, 
tbroinbopblebitis or embolism occurred after 40 of tbe 9,230 surgical pro- 
cedures perfonned at tbe Vicksburg Hospital Tbe incidence of these postop- 
erative vascular complications in tbis series of consecutive, unselected cases 
thus was 043 per cent Twenty-one patients developed tbrombopblebitis and 
eight developed phlebothrombosis, the initial lesion being followed by embolism 
in three cases in each of these groups Eleven other patients developed embo- 
lism after operation in the absence of previously recognized phlebothrombosis 
or thrombophlebitis 

This IS a relatively small series of cases, it is true, but it seems worth pre- 
senting for several reasons It illustrates the univeisahty of this particular 
problem It emphasizes again the type of operation and the type of patients 
in which and in whom this type of postoperative complication is most likely to 
occur It demonstrates the possibilities of prophylaxis and of therapy by a 
hospital staff which has become increasingly aware of the risks of postoperative 
vascular complications Finally, and most important of all, it carries the lesson 
of errors which should not have been made and the losses which should not 
have occurred 

INCIDENCE 

This series bears out, first of all, the paradoxical situation which is generally 
prevalent in respect to thrombosis and embolism Over the period — perhaps 
10 to 15 years — m which these postoperative complications have been recog- 
nized as susceptible to prevention and amenable to treatment, their incidence 
has increased notabty ^ ® In our own series thei e were five such complications 
in 1943 and the same number in 1944 against 16 in 1947, an increase out of 
proportion to the increase in surgical population of the hospital The explana- 
tion, of course, for this as for a similar increase in most reported series, is that 
our recognition of these conditions has increased in proportion to our aware- 
ness of their possible development 

On the basis of the incidence reported in the literature, Barnes,® after 
making due allowance for the selectivity of reported cases, estimated that each 
year 34,000 persons in the United States die of pulmonary embolism Whether 
or not one accepts these figures without reservation, there is no doubt of the 
potential seriousness of postoperative thrombosis and embolism The incidence 
of these complications was low at the Vicksburg Hospital, as it usually is in a 
warm or semitropical climate But there were seven deaths in th e 4° cases, 

* Read before the Southern Surgical Association, White Sulphur Springs, W Va , 
December 8, 1948 


784 



Nolumt 129 
Number C 


THROMBOSIS AND EMBOLISM 


which IS a higli case fatality rate Fuitheimore, these seven deaths weie con- 
centiated in the 17 cases of enibohsm, which makes the case fatality rate in 
that group appallingly high and makes clear once again that the best method 
of reducing the mortality of postoperative vasculai complications is to endeavor 
to pi event the conditions from which emboli arise 


ETIOLOGIC FACTORS 

Naturally the situation cannot be reduced to such simple terms Not a 
great deal can be done about man}' of the predisposing and contributing fac- 
tors be}ond the exercise ol siiecial precautions m the cases in which these 
factors are knovn to exist Our piophylaxis at the Vicksburg Hospital 
includes the use, after all operations, of exercises for the legs, deep breathing, 
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frequent changes of position, sedulous avoidance of Fowler’s position and 
early ambulation In special cases the lower extremities are wrapped m elastic 
bandages from the toes to the groin Digitalis is given to patients with 
cardiac disease, especially those with a history of cardiac failure These pre- 
cautions, however, do not prevent the bewildering fatal cases of pulmonary 
embolism, which exist in all series The catastrophe comes to pass without 
any hint in the patient’s previous history or clinical course that it is impending 
The data in this series are in general accord with those in other reported 
senes The majority of the patients (32) were women Ten of the 40 patients 
were Negroes, who seem about as prone as white subjects to develop vascular 
complications after operation It may or may not be significant that four of 
the seven fatalities occurred m this race, but there is no doubt that four deaths 
in 10 cases is an extremely high case fatality rate 

The statement that the age range in these 40 thrombo-embolic complications 
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was 21 to 77 IS of no particulai significance until the figuies are broken down 
Then certain facts become evident 

1 Of the 22 patients in this series under 40 yeais of age, four developed 
embolisms, one of which was fatal 

2 Of the 18 patients ovei 40 years of age, 13 developed embolisms, six of 
which were fatal 

3 Every one of the seven patients m the series who \\as 60 yeais of age 
or over developed an embolism, either abruptly 01 following clinically evident 
phlebothrombosis or thrombophlebitis, and five of the seven lost their lives 
as a result 

A series of 40 cases is far too small to permit statistically significant con- 
clusions, but these figures cannot be discounted because they follow so closely 
the experience of others in respect to the age incidence and mortality of pul- 
monary embolism 

Our experience is also 111 line with the general experience that vascular 
complications are more likely to occur after certain types of operations and 
after certain conditions than after others In this series, 13 of the 40 vascular 
complications occui red after hysterectoni}' and represented 3 8 per cent of all 
the hysterectomies performed duimg the five-year period surveyed Ten 
occurred after other intra-abdominal pelvic operations and five occurred after 
plastic procedures on the perineum In other words, 70 per cent (28) of the 
40 cases of thrombosis and embolism m this sei les occurred after pelvic oper- 
ations Even more striking is the fact that three of the seven fatalities in the 
senes occui led after hysterectomy, two of which were for carcinoma, while 
three other fatalities followed opeiations for carcinoma of the stomach and carci- 
noma of the breast These figures again may be too small to be of statistical 
significance, but that does not detract from their clinical importance 

Six vascular complications occui red after 220 operations upon the biliary 
tract or resections of the stomach 01 laige bowel, an incidence of 2 74 per cent 
Although vascular complications are uncommon following surgery of the upper 
portion of the body, this series includes one instance of thrombophlebitis fol- 
lowing thyroidectomy and one fatal embolism following radical mammectomy 
One case followed incision, drainage and application of a cast for osteomyelitis 
of the femur and two occurred after open reduction of fractures of the lower 
extremity , in all three cases, one of which Avas fatal, immobilization was per- 
haps the principal etiologic factor In only one other case in the series, to be 
mentioned shortly, was prolonged bed rest an apparent factor in the develop- 
ment of the vascular complication The remaining cases in the senes occurred 
after inguinal heinioplasty, closuie of perfoiated peptic ulcers and application 
of a pedicle graft to a varicose ulcer There were no postoperative vascular 
complications in the few splenectomies performed for hemolytic disease at the 
Vicksburg Hospital over the five-year period in question, which is interesting 
m view of Priestley and Barker’s® contention that this opeiation is associated 
with etiologic factors likely to produce the highest recorded incidence of post- 
operative thrombosis and embolism 
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Such ))ri(h>'|>ii'«iiicr .is ol)tsit\ t.iidi.ic disease, blood dysciasias, 

infection and extensive tissue leseetion wlntli aie comnionh accepted pie- 
disposini;!^ tactois m tin* development of postojiei.itive vascnlai complications, 
vveieall jirescnt smqlv oi m tombin.ition, in most of the cases m this series 
As has alieadv been ])ointed out, in ii of the 17 cases of pulmonary 
cinbohsin in this v-tnis tluie was no (vuleiice of a pieceding thiombosis 01 
throinhophlcbitis winch sunirests tb.it m all 11 cases the emboli aiose on a 
basis of silent deeji-seated pblebotlnombosis The fact that m no instance 
was a fatal embolism piccetled bv a clmicallv evident nonfatal episode can, vv^e 
think, he accepted .u its i.ice value 'J he lesidcnt and v'lsitmg stafls m this 
institution aic aleit to the danmi" of jnilinon.iiv embolism and no time is lost 
in the prompt institution of anticoat^ulant 01 othei theiapv as soon as the 
presence of a i)ost«iperaiiv e v.isciil.u complication is lecogni/ed or suspected 
This senes difiers from ceitam lepoited senes 111 that clinically evident 
throinhophlcbitis was coiisideiablv moic frequent (21 cases) than clinically 
evident phlebothiombosis t eiq;bt cases) We do not wish to emphasize tins 

A<?e Incidence in 4>0 Postoperative Vascular Lesions 
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Over 
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disparity unduly, since it is appaient rather than leal In the remaining ii 
cases, all of embolism, as has just been pointed out, pblebotlnombosis was 
presumably present but w^as not clinically evident On the other hand, it would 
be well to emphasize that pulmonary embolism may occui after the inflamma- 
tory vascular complication quite as w'^ell as after the so-called bland variety 
Furthermore, as collected series piove, thrombophlebitis followed by embolism 
is fatal in perhaps 5 per cent of all cases ~ It, therefoie, seems wise to view it 
with considerably more concern than some authors now suggest it merits 

DIAGNOSIS 

The postoperative vascular complications which make up this series were 
diagnosed chieflj'- on the clinical evidence, which w'^as unmistakable in all cases 
Roentgenograms of the chest were positive in only two of the five cases in 
which they weie made, and electrocardiograms were positive in only two of 
four cases The preponderance of negative findings is not surprising because, 
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With a Single exception in each group, these examinations were made in non- 
fatal cases, none of which was very severe The majority of patients with fatal 
embolism died too promptly — ^four of them within lo to 35 minutes of the 
onset of symptoms — to permit diagnostic studies, even if they had been 
necessary 

Phlebography, as a method of diagnosing phlebothrombosis antecedent to 
embolism, was not employed in any case in this series It has not been widely 
used, and one receives from the literature the impression that it is even less 
popular for this purpose at this time than it was when first introduced How 
misleading this method of diagnosis can be is evident in the case mentioned bj 
Linton,® in which a patient with normal bilateral phlebograms died 48 hours 
later from massive pulmonary embolism 

THERAPY 

Since June i, 1944 it has been the general policy at the Vicksburg Clinic 
to treat phlebothrombosis and thrombophlebitis noth dicoumarol, Avhether or 
not other methods of theiapy were used also Exclusne of the seven fatal 
cases of embolism, m most of wdnch death occurred too promptlj to permit 
definite treatment 26 of the 30 postoperative vascular complications Avhicli 
occurred after that date w’ere treated wnth dicoumarol as the basic therapj 
Three of the other four w'ere treated bj penicillin, venous ligation and para- 
vertebral block, respectively The fourth patient was removed to a Veterans 
Hospital shortly after an emergencv operation for ruptured peptic ulcer and 
the details of the onset of the vascular lesion and of the therapy used are 
not known Eight of the 26 patients treated with dicoumarol w^ere also sub- 
mitted to venous ligation and five w^ere treated by paravertebral block in one 
instance all three measures w^ere emploj^ed 

In general, the plan of treatment was to administer 200 mg of dicoumarol 
as soon as the diagnosis of phlebothrombosis or thrombophlebitis was made 
Thereafter the prothrombin time of the blood w'as checked daily by the Quick 
method, and treatment w^as administered or withheld according to the results 
of this test Twenty-seven seconds was regarded as the low'er level of the 
effective therapeutic range and 60 seconds as the upper level of safety The 
prothrombin time was kept within these limits by the administration of 
dicoumarol m appropriate dosages on any day on which a report of less than 
40 seconds was received These daity tests were made wnth the greatest care 
Formerly, desiccated rabbit brain was used but recently desiccated rabbit lung 
has been found to be a more sensitive reagent We have also begun to make 
the reports in terms of the percentage of normal activity rather than m 
seconds to avoid any possibility of misunderstanding on the part of the less 
experienced members of the resident staff 

If the prothrombin time was prolonged beyond 60 seconds, hykinone was 
given intravenously, in doses of 30 to 60 mg The single instance m this 
series in which frank bleeding occurred was, by coincidence, the single instance 
in which dicoumarol was used prophylactically 
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The patient, a 43-ycar-old white woman, had an episode of apparent 
thrombosis on the sixth day after vaginal hysterectomy, colporrhaphy and 
perineorrhaphy, 24 hours after prophylactic dicoumarol therapy had been 
begun At the end of tlie sixth day of treatment, when the prothrombin time 
was 46 seconds, severe vaginal bleeding ensued The drug was discontinued, 
h}kinone ^\as administered and a transfusion was given Recovery thereafter 
was smooth, but 58 days later tlie patient re-entered the hospital with clearcut 
sniiptoms and signs, supported by roentgenologic evidence, of a pulmonary 
embolus, which cleared up undei appropriate therapy 

It might be added that a non fatal embolism occurred in a second case at 
the Vicksburg Hospital, not included in this series, 48 hours after dicoumarol 
therapy had been begun The prothrombin time was only 23 seconds when 
the embolus became apparent 

With the exception of the hemorrhagic episode just related, patients in 
this series who w^ere treated by dicoumarol recovered promptly from their 
vascular complications and indeed pi esented little cause for anxiety as soon as 
the prothrombin time had reached the desired therapeutic level On the other 
hand, recoierj^ was undoubtedly more rapid in the 12 cases in wdiich anticoag- 
ulant therap} was supplemented by ligation of the femoral or saphenous vein, 
particular!} wdien the clot w-as found and removed, and by paravertebral 
sympathetic block 

Thrombophlebitis was treated, in addition to the measures mentioned, by 
heat, elevation of the affected extiemity and chemotherapy Pulmonary 
embolism was tieated b} gr of papavarine and i/ioo gr of atropine, both 
being given by the intravenous route Oxygen was given by mtranasal 
catheter, and other measures w'ere employed as the special case demanded We 
have not employed Evans’” recommendation that oxygen be combined with 
helium and given m the form of positive pressure lespiration, nor have we had 
any experience wnth prolonged continuous spinal anesthesia as recommended 
by Smith and Rees 


DISCUSSION 

Although this series does not reflect the policy, we are coming more and 
more to believe that it is the part of wusdom to institute dicoumarol therapy on 
or about the fifth day after operation, regardless of the smoothness of their 
convalescence, m patients who present the factors likely to produce vascular 
complications By this time the nsk of bleeding as the result of anticoagulant 
therapy is reduced, while most vascular complications do not occur until this 
time or later The onset of these complications is usually between the fourth 
and the twenty-first days 2. s. 11 jn this series uncomplicated phlebothrombosis 
became evident between the fourth and fourteenth days after operation and 
uncomplicated thrombophlebitis beUveen the fourteenth and tw^enty-second 
days In 16 of the 17 cases of embolism the onset was between the fourth and 
fifteenth days, in 10 of these cases it was before the eleventh day In the 
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remaining case, as already mentioned, it was on the sixty-fifth day after 
operation, following an attack of phlebothrombosis on the sixth day 

Anticoagulant therapy is particularly indicated in patients over 50 years of 
age — m whom, however, it must be used with caution, because of possible liver 
damage — in patients who are markedly obese, who have malignant disease, who 
have varicose veins or who have a previous history of phlebothrombosis or 
thrombophlebitis We use it with great caution m patients with liver damage 
and we i egard it as contraindicated after operations on the brain or spinal cord, 
in the piesence of a blood dyscrasia or a bleeding tendency, in piegnancy near 
term and in patients who require a second surgical procedure within 14 days 
of the first In all such cases, vein interruption is regarded as the indicated 
procedure Venous ligation and division is also considered the procedure of 
choice m patients who have had a nonfatal embolism Only time will tell 
whether those of us who, in general, prefer anticoagulant therapy to venous 
ligation as the basic therapy in postoperative vascular complications are correct, 
or whether experienced observers as Allen and his group,^^ Evans® and 
Zuckei,^® who prefer venous ligation for both prophylaxis and therapeusis, are 
con ect in their position Perhaps a combination of both measures will prove 
the answei to the pioblem 

Whethei mass prophylaxis with anticoagulants wmuld prevent postoper- 
ative vascular complications, or would even be justified, at the present moment 
seems highly debatable In selected cases, m wdiich difficulties are expected, the 
administration of dicoumaiol is clearly indicated But this form of therapy 
introduces a serious element of risk and if it were used routinely it might cause 
more deaths from liemoi rhage than would be expected to occur if postoperative 
vascular complications were permitted to take their natural course Moreover, 
it would add greatly to the buiden of medical supervision, nursing and labo- 
ratory work, practical considerations which cannot be ignored in these days 
of shortages of physicians and nurses The wuser plan for the present there- 
foie seems to be to employ general piophylactic measuies in all surgical cases 
and to limit anticoagulant prophylaxis to the special cases m which it seems 
indicated DeBakey and Ochsner^^ also take the position that mass prophylaxis 
IS not the solution of the problem 

For reasons of economy, we have not loutinely emplo3^ed heparin at the 
Vicksburg Hospital, but we believe that, in spite of this objection, it ought to 
be administered when indicated immediately after operation and continued 
until dicoumarol can be substituted and the prothrombin time has 1 cached 35 
seconds The lecently published experimental studies of Kiesew'etter and 
Shumacker^"" on aiterial trauma demonstrate that thrombosis is apt to occur 
promptly after trauma and that the most critical period from this standpoint is 
immediately after operation Other studies by these same observers under con- 
trolled clinical conditions suggest that heparin combined with dicoumarol is 
even more effective than dicoumarol alone in the prevention of thrombosis 
after arterial injury and repair, and their obseivations seem entirely applicable 
to nonvascular surgery 
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Eiiibolectotii} has nc\ei been .itleniplcd by us The operation, while a 
thcoictic possibihU. is a piaetical impossibility The cii cumstances which 
would make it efiectue sinipK cannot be met in piactice, the chief difficulty 
being that if it is to ha\e the slightest chance of success, it must be performed 
almost s} nchronouslv with the occuiience of the embolism In the seven fatal 
cases in the Vicksburg Hospital series it would have been out of the question in 
four, m which death occuircd between lo and 35 minutes aftei the onset of 
sMiiptonis, and almost imjiiactical in a fifth, in which death occurred wnthm 
three houis The other jiaticnts Ined 28 houis and seven days 1 espectively, 
but ncithei was e\cr 111 condition to toleiate suigeiy of such magnitude 

This IS the common experience In a series of 78 fatal embolisms repoited 
b} Lam and Hooker'’ fiom the Hemi Foul Hospital, half the patients were 
dead within 10 minutes of the catastiophe and 75 per cent wuthin 30 minutes 
Onh 10 per cent h\ed longei than an houi Even theoretically, therefoie, not 
more than 25 per cent of these patients could have been benefited by operation 
An additional practical considciation mentioned b) the same authors is that 
more than half of the emboli m then series (56 pei cent) became manifest 
betw een 5 00 p m and 0 00 a m , houi s w hen e\ en a hospital prepared for 
quick emergcnc} suigei_\ is ine\itably slow'd than usual m collecting equipment 
and peisonnel, particularh for an operation which is of such magnitude that it 
requires a surgeon of moi*" than ordinal) ability 

Since we practice early ambulation, it is iionic that one of the deaths in this 
series occurred in a case m which this measure could not be employed A 65- 
yeai-old w'oman, somewhat anemic and with a cardiac difficult}’-, was submitted 
to radical mastectoni} for malignant disease This combination of predisposing 
causes strongly indicated early ambulation, but an attack of congestive gflau- 
coma on the third day after operation made complete bed rest imperative Death 
occurred on the ninth postoperative da) , 35 minutes after the first symptoms of 
embolism became ei ident In reti ospect, this seems the type of case in which 
prophylactic dicoumarol thei apy or n enous ligation should have been instituted 
The deceptive feature of the case w'as, of couise, the fact that postoperative 
vascular complications are unusual after operations on the upper part of 
the body 

In this case, as in the six other fatal cases m our series, the simultaneous 
rise of temperature, pulse and respiration, emphasized by Allen and his asso- 
ciates^ as indicative of impending pulmonary embolism, was not observed 
There is no doubt of the value of this triad of symptoms and signs when it is 
present, but it is lacking in a large number of cases, just as it w’as lacking m 
our owm series Ochsner and DeBakey^^ noted that it w’as absent in 12 of the 
25 fatal embolism cases w’hich they collected from the New Orleans Charity 
Hospital In eight of their cases there was antecedent clinical evidence of phle- 
bothrombosis or pulmonary infarction or of both conditions In five other cases 
there was a slight rise in the pulse rate, though the temperature and respiration 
were unchanged. In the other 12 cases there was no symptom or sign to suggest 
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the impending catastrophe, and that situation is. unfortunately, in line with 
the general experience 


SUMMARY AND CONCLUSIONS 

1 The 40 cases of phlebothrombosis, thrombophlebitis and pulmonary 
embolism which occurred in 9,230 surgical procedures performed at the Vicks- 
burg Hospital over a lecent five-year period form a small series which is, 
however, typical in most respects of the clinical and other aspects of these 
complications There Meie seven deaths in the series, all of which occurred after 
embolism, which came on catastrophically, without previous vascular episodes 

2 An analysis of these cases indicates the need for a careful application of 
general prophylactic measures aftei surgery^ and for the use of special measures 
in the cases in which predisposing factors exist 

3 Dicoumarol was used in 26 of the 30 cases in this series w^hich occurred 
after June r, 1944, exclusive of the seven fatal cases of embolism, in none of 
which anticoagulant therapy was employed Experience suggests that recovery 
IS prompter if venous ligation 01 s} mpathetic block is employed in combination 
wnth dicoumarol 

4 Prophylactic anticoagulant theiapy, jiossibly a combination of heparin 
and dicoumarol, is piobably indicated in selected cases, but mass prophylaxis 
by this means w^ould intioduce more pioblems than it w'ould solve 
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Discussion — Dr Roi D McClurr, Detroit Through the years it seems that the 
deepest scars that have been left on most of us as surgeons have been the results of post- 
operatne deaths that should not have happened I felt m 1911, while working with 
Dr Eugene Poole at the New York Hospital, that massage and early exercise m bed 
would reduce the number of thromboses and fatal embolisms Then, while Doctor 
Halsted’s resident at Johns Hopkins Hospital, I saw m five weeks on his service and 
that of Dr Howard Kelly five deaths from embolism We talked wnth Dr J J Abel and 
Dr William How'ell about the possible use of hirudin but that proved to be too dan- 
gerous When Doctor McLean, w'orking on anticoagulants m Howell’s laboratory, 
brought out heparin in igi6, we used it immediately after that in Detroit The reactions, 
howe\er, due to impurities, were so terrible in three cases that w'e never even reported it 
It was not until about 1937 that the group in Toronto put out a purified heparin which 
w'as safe to use We started using that in all cases w'hich showed beginning pain in the 
calf of the leg In spite of that w-e had in 1938 fi\c deaths from embolism, four in 1940, 
five m 1941, three in 1942, five m 1943, eight in 1944 and 1945 However, that was in 
about 900 operations a month so it w'as not a large percentage, but we felt that these 
deaths should not have occurred With the exception of two, not one of these fatal cases 
had specific treatment, the fatal cases came just as a bolt out of the blue 

The question is, how can we determine which patients w'lll have thrombosis and 
pulmonarj embolism First of all, we agree absolutely wuth Doctor Parsons that age helps 
somew'hat in predicting In our series the occurrence is almost unknown under the age 
of 30 Certain types of operations, as he said, seem more prone to be follow'ed by embolism 
Gastrectomy, for example, led our list with i 06 per cent deaths from fatal embolism, 
follow'ed by colon and gallbladder operations and prostate operations, etc 

At the present time w'e have our residents W'atch very carefully the temperature 
chart and the calves of the patient’s legs, during the postoperative period An unexplained 
fever may lead to the giving of anticoagulants, on suspicion The finding of a positive 
Homan’s sign indicates to us immediately either a femoral ligation at the indicated site, 
or anticoagulant therapj, or possibly both We give heparin immediately after operation 
We used to give it preoperativelj, but w'c had a few hemorrhages in the wound and gave 
that up It takes about two days to get a positive effect from dicumarol I speak know- 
ingly because I myself have been taking it daily for ten months What we have all hoped 
for w'as that someone would show us a test which would indicate to us an impending 
thrombosis and w'hich would anticipate all the clinical signs just mentioned Such a test 
was hopefully reported at the meeting of the American Surgical Association in Quebec 
last May by Mahoney and his associates * Perhaps Doctor Morton can tell us of their 
subsequent experience 

They believe they have demonstrated the value of daily prothrombin times during 
the postoperative period, and if that time went down they would start anticoagulants 
When I returned to Detroit from that meeting I was very enthusiastic about this and 
asked Doctor Barron and Doctor Lam of our staff to start this method immediately to 
see if we could anticipate which patients would have thrombosis and embolism To date 
we have studied 179 cases Each patient has eight prothrombin tests , one the day before 
operation, two the day of operation, and then one each day following operation for five 
consecutive days Of the 179 cases, six have shown leg thrombosis without infarction, 
four have shown high prothrombin levels, but in two there was no elevated prothrombin 
as a warning I feel sure our prothrombin estimations are w'ell done Seven patients 
had clinical phl ebothrombosis of the lower extremity and also non-fatal pulmonary infarcts 

* Prothrombin Activity, Rachel S Sandrock, M D , and Earle B Mahoney, M D , 
Annals of Surgery, Sept 1948, Vol 128, No 3 

793 



WIGGINTON, PARSONS AND PURKS 


Annals of Surgery 
June 1949 


In only two of these did the prothrombin curve give a warning, the other five showed 
perfectly straight prothiombin cuives One patient had a coronary occlusion during 
the study His prothrombin curve gave no warning As you know, the American Heart 
Association feels that in coronary thrombosis dicumarol has been a great aid in cutting 
down the number of deaths 

Of the patients who had had no clinical evidence of thrombosis, 64 had so-called 
elevation of prothrombin level and 98 were negative We cannot say for certain that the 
64 positives had no thrombosis, but they were not treated, and we have no reason to 
regret that we did not start anticoagulant therapy on them 

In summary, we have not been able to corroborate the findings of Mahoney and his 
associates that daily prothrombin determinations are of great value in predicting throm- 
botic complications, but further studies along this line are strongly indicated 

Dr George T McCutchen, Columbia, SCI would like to recite an experience 
that lends emphasis to Doctor Pai son’s idea that it is well in some cases, particularly in 
those in whom you suspect embolism is likely to occur, to give some type of prophylactic 
medication A little more than a year ago I encountered a patient who started with a 
primary disease in his chest He was seen by his physician. X-ray films were taken, his 
clinical manifestations were similar to those of a small pulmonary embolus He had pain 
in the chest and coughing of blood, but embolus was not suspected at the time About 
two days later, on further questioning, it was found that he had had some soreness of 
his leg, in the calf, for three or four days piior to onset of sy'mptoms 

On examination of the leg it was found that he had a positive Homan’s sign, some 
swelling and tenseness of the calf Ligation of the femoral vein was done and a clot was 
found at the point of ligation During the next three or four months I encountered two 
other cases of a similar natuie and was completely puzzled by the problem I wrote to 
Dr Mims Gage and Di Alton Ochsner, and they told me that so far as they knew this 
particulai thing was unique, that they had never heard of it Since that time there has 
been a total of seven patients with a similar syndrome, all in patients who had had no 

bed rest and in whom the leg had not been subject to trauma We had to call in a term 

for It, and picked out one that rolled off the tongue very easily — spontaneous unprovoked 
phlebothromhosis The last patient we saw might be questionable to some extent, a boy 
aged 15 who had had an appendectomy' some five weeks before He was ambulated 
immediately and had a completely uneventful convalescence Nine weeks later, as he was 
entering an elevator, he was suddenly seized with pain in the chest and severe cough, 

and it was discovered that he had physical and X-ray indications of a pulmonary 

embolism, with pain, tenderness and swelling of the calf That was the only one of the 
number who had, in recent weeks at least, been confined to bed 

It brings up an important point in diagnosis for our fellow internists as to some 
obscure conditions of the chest, and I wonder how' often it might happen in cases of 
sudden death None of these patients died, all had emboli of rather mild nature We are 
completely at a loss as to the explanation of the cause of phlebothromhosis, I believe 
Certainly we have to scratch our heads or stretch a point to believe that bed rest or 
trauma has much to do with it So far as I am concerned it is still an imponderable 
problem, and one which is a long way fiom solution, and I believe it falls within the 
realm of the biochemist and the physiologist to produce the answer I don’t believ'e sur- 
geons can All these patients were subjected to elaborate study of the clotting mechanism 
and no abnormalities could be found It remains for more delicate tests to be developed, 
or to find factors other than those we now understand as being causative in 
phlebothromhosis 

Dr Frederic W Bancroft, New York Our experience with the tests for phle- 
bothrombosis has been a good deal different from that of Doctor McClure Doctor 
Stanley-Brown and I started this study in 1928, and kt that time we made more than 4000 
tests routinely on our surgical cases It may be that the reason our results showed more 
was because at that time we did both prothyombm and fibrinogen tests, but in the series 
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we studied we had onh one ease, a hi cast amputation, done at another hospital, wliere 
there was no elevation of the elottniR factors The others had cither high prothrombin or 
fibrinogen, and in the eases that developed accidents on routine stiid}’^ they had had warn- 
ing signs before So I do feel that we niav find some method to asceitain which are the 
dangerous eases 

I was interested in Doctor Paisons* statement about the high percentage in hysterec- 
tomies I think we have hcie possiblv a different pictuie than in operations above the 
pelvis I wish to report one case that illustiatcs what I mean A woman had had a 
cesarean operation, a pcrfectlv noimal postoperative tcmpeiatuie, she had gone home, 
and on the tenth dav aftcrvvaid she had pain m the chest She was brought back to the 
hospital and on X-rav it was a question as to whether it was an infarct or a vnrus pneu- 
monia Her legs were carcfullv mc-isuicd, there was no tenderness and no swelling 
However, seven davs after onset of the pain m the chest, she had evidence of phle- 
bothiombosis in the right thigh I operated on her and took out the thrombus, but did 
not hav e a satisfactorv suction appai atus, so did not feel that I had gotten entirely abov e 
the thrombosis Hovvcvci she apparently improved, but at the end of eight days after 
this she had pain in the chest again, and the X-rav showed an infarct in the opposite chest, 
seven davs later she showed obvious thrombosis on the right I operated on that side and 
she was given spinal anesthesia which I tiimk was a mistake, because in flexing her 
forward I think thev liberated another thrombus, anjvvay she died It was obvious from 
the postmortem that the thrombosis iiad occurred primarilj in the pelvic vein and had 
proceeded m a retrograde manner down her thigh 

A similar case is that of a woman who had had a normal delivery, and on the 
seventh postoperative dav had pain in the chest, and X-ray evidence of pulmonary infarct 
— no evidence m the thigh We went in simultaneously on both femoral veins, they were 
in spasm and did not contain a clot, but in passing a suction tube up to near the bifurcation 
of the vena cava we got clots from both sides and with anticoagulant therapy she went 
home five davs later 

I think It IS a difficult thing to know whether or not to use anticoagulants, or oper- 
ation I have done 3s thrombectomies, where the thrombus has extended above the femoral 
ligament That one case is the onlj case of death , the rest have recovered satisfactorily 
I have also given anticoagulants I have not operated on any patient who had had a 
thrombosis for about ten davs before being seen by me because I felt if they bad thrown 
no embolus bv that time, thev were not going to, and that they could be treated by lumbar 
svmpathctic block I would like to saj one word about our concept of early ambulation 
Many of us hav e thought that if we got patients up and let them sit in a chair we were 
giv mg early ambulation \s a matter of fact that is the worst position we could possibly 
put them in for vcnostasis The feet are much lower than they are in a Gatch bed, the 
knees are over the edge of the chair where theie is compression on the popliteal veins, 
and there is sharp flexion of Poupart’s ligament— -all factors, I think, that aid veno- 
stasis It IS mj idea that early ambulation is to get a patient out of bed, make him walk 
around the bed, get back into bed and he flat, and not sit part of the time m a chair in as 
poor a position, probably, as we can get 

I wish to thank Doctor Parsons, and I enjoyed his paper very much 

Dr Hugh A Gamblc, Greenville, Miss In the discussion of Doctor Parsons' 
paper there has been little said about the proph> laxis of postoperative phlebitis or throm- 
bophlebitis In 1934 I published in the American Journal of Surgery a description of what 
I called a bedcycle and later, in discussing a paper before this Association, described our 
method of preventing thrombophlebitis Up to that time we were losing about one case 
out of every 1500 operations from pulmonary embolism We had what seemed to be an 
epidemic of thrombophlebitis A large proportion, at least one-third or one-fourth of the 
operative cases, would develop the condition and this began to be so much the case that 
patients in coming to the hospital would inquire as to what caused it and if there was 
any way to prevent it 
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We went over the medical literature for the preceding 40 years We found that 
Aschoff gave the most lucid description of the pathogenesis of this condition that we had 
seen Adopting Aschoff’s theory as to the causation of thrombophlebitis we had built 
what has been called a bedcycle It is simply two bicycle pedals mounted upon a frame 
so that it can be placed upon the bed, and the patient is required to exercise his lower 
extremities on it for a period of five minutes twice a day, beginning the day of operation 
While we felt that this was of extreme importance, we realized that during and follow- 
ing operation there is marked concentration of the blood, there is marked increase in the 
clotting elements present, and that it is at this time that the venous flow is at its lowest 
level Therefoie, we made it a practice of giving intravenous glucose m 5 per cent 
solution continuously through operations in an endeavor to maintain blood water levels 
In order to promote the flow of venous blood we have routinely, for the first 24 hours 
following operation, requiied that these patients be given inhalations of carbon dioxide 
and oxygen every three hours for three minutes Later on we began to get them up 
early, usually, where practicable, within the first 24 hours, requiring them to walk around 
the room However, regardless of this we have maintained the use of the bedcycle 
throughout the whole period of hospitalization 

Since 1933 my brother and I have had something over 52,000 major operative cases 
We have had one death from pulmonary embolism during this time We have had seven 
cases of thrombophlebitis and I cannot but feel that these preventne measures ha\e been 
effective in lowering the incidence of this condition 

The one death I speak of occurred in a man on the 2ist day following operation 
He had had a resection of the large bowel for carcinoma of the ascending colon and an 
end-to-side ileo-colostomy He had had no svmptoms suggestive of phlebitis of the lower 
extremities, but on that day he complained of pain in his lower abdomen and thought that 
he had eaten something that had disagreed with him He was given an enema but was not 
entirely relieved of discomfort At four o’clock m the morning of the 21st day I was 
called to see him and when I reached the hospital found him dead An autopsj showed a 
large embolus in the right pulmonary artery, which had originated in the veins draining 
the transverse colon 

I feel that there is not enough attention paid to the fact that these embolic processes 
begin immediately after operation when the blood is at its highest concentration and the 
venous flow is at its lowest level and that, if you emploj' measures that will keep the 
water level of the blood up to normal and promote the flow of blood from the outset and 
keep it up from day to day, you will be convinced of the efficaciousness of this method of 
preventing these complications, which in some sections of the country seem to be so 
prevalent 

Dr Ro\ C Wigginton, Vicksburg (closing) We would like to thank those who 
have so kindly and so generously discussed our paper We, of course, do not believe that 
either anticoagulant therapy or vein interruption represent necessarily the final answer as 
to the therapy of venous thrombosis We do believe, however, that perhaps careful 
evaluation of the risk in each surgical patient, determined by the criteria based upon the 
experiences of many who have studied the problem, will indicate those patients who should 
have dicoumarol as a prophylactic measure We believe that the intelligent use of dicou- 
marol in this fashion might perhaps greatly reduce the mortality and morbidity incident to 
venous thrombosis, and might do so without posing impossible laboratory problems or 
unduly endangering lives 

At the Tulane University, and I believe at other places both in America and abroad, 
a great deal of work is now being done on the mechanism of blood clotting At least two 
previously unknown factors have been disco\ered As a result of this study many of the 
previous theories pertaining to blood coagulation may perhaps be discarded It is further 
possible that those now investigating this phase of the subject may eventually solve the 
problem Certainly, at the moment, its solution is b^ no means complete 
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Since the disco\ery of penicillin and sti eptomycin, other antibiotics are 
in the process of being studied and developed Of the new group, chloro- 
ni}cetin and aui 0011130111 aie representative of types that should prove to be 
ol lalue in certain suigical conditions 

Chloioinycetin.f whicli is obtained fioni filtrates of submerged aerated 
cultures of a Si) cptomyccs sp , has been found to be quite effective against a 
number of rickettsiae, and several gram-negative bacteria It was originally 
prepared by Ehrlich and associates from liquid cultures of a St)eptomyces 
first isolated by Burkholder and shown b} him to possess antibacterial activity 
The cr3stalhne substance is 1 datively insoluble m water, but w’^ell absorbed 
from the gastro-intestinal tract It is w'dl tolerated wdien given orally and 
sei urn levels of the di ug after oral administration have been found to parallel 
those aftei parenteral injection Its toxicity is apparently low' 

In Mtro, crystalline chloromycetm has been found to be inactive against 
yeasts and filamentous fungi, inactive against protozoa, moderately active 
against gram-positive bacteria and Mycobacfet nan tube) culosis, and active 
against gram-negative bacteria and Boiieha lecmjenhs After single doses in 
the dog, onl}' small amounts of antibacterial substances are excreted in the 
urine, indicating inactivation in the body and perhaps excretion by other routes 
Woodw'ard® has demonstrated its clinical importance and significant chemo- 
therapeutic effects in the treatment of typhoid fever Pincoffs® recently 
reported its effectiveness m the treatment of Rocky Mountain spotted fever 
Aureomycm,:|: w'hich is derived from a strain of St) eptomyces am eofacimis, 
has been showm to possess, m vitro, antibacterial activity against numerous 
gram-positive and gram-negative bacteria 

It appears to be bacteriostatic, rather than bactericidal, except in high drug 
concentration In experimental studies, no significant concentrations were 
obtained in blood serum more than 2 5 hours after the last injection was given, 
with a dosage rate of 20 mg per Kg of bod}' weight, twice a daj^ for ten days 
Bryer^ has reported that when aureomycin was administered orally to a 150- 

* Read before the Southern Surgical Association, White Sulphur Springs, W Va , 
December 8, 1948 

t The chloromycetm used m this study Avas supplied by Parke, Davis & Company 
t The aureomycin used m this study was supplied by the Lederle Laboratories Divi- 
sion, American Cyanamid Company 
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pound (about 68 Kg ) man in doses of 500 mg twice a day and 40 mg intra- 
muscularly every six houi s, blood levels of o 6 to 2 4 mici ograms per milliliter 
of serum were observed one hour after an injection was given The antibiotic 
produced a greenish-yellow discoloration of the urine, in which concentrations 
of 40 to 80 micrograms per milliliter were obseived He also reports that 
infections of the urinary tiact due to coli aerogenes and S iaecahs have been 
sterilized and evidence of inflammation has disappeared nhen patients ^^ere 
treated with aureomycin Ijy mouth 

It was thought that the pi operties of chloromycetin and aureomycin should 
render them valuable agents m the ti eatment of acute diffuse peritonitis due to 
mixed infections with botli gram-positive and gram-negative bacteria 

Murphy et al ^ have demonstrated that streptomycin hydrochloride injected 
intramuscularly will not only pass into the peritoneal cavity of normal dogs, 
but that the concentration of the drug in the peritoneal fluid may surpass the 
concentration in the blood 

Although there is a satisfactory’- test for the determination of chloromycetin 
levels, there is no comparable dependable test for evaluation of aureomycin 
levels Aureomycin is quite unstable and additional study will be required in 
order to develop an accurate method of determining its levels m body fluids 
In this study, no attempt was made to determine tissue fluid levels attained 
with the antibiotics studied 

The technic used to produce peritonitis in this study is one which was 
introduced by Bowei and co-workers® and modified by Fauley and his asso- 
ciates ^ Steinberg and Martin^” have shown that a peritoneal infection diffuses 
throughout the peritoneal cavity fairly promptly after perforation of the bow el 
takes place In their study of experimental peritonitis, they concluded that 
perforation of the gangrenous cecal wall was due to increased pressure, and 
could be produced by the instillation of air as successfully as when castor oil 
was used A technic described b}'^ Silvanff® for producing fulminating diffuse 
peritonitis was not considered applicable to this study 

TECHNIC 

Animals were selected at random from stray, mongrel adult dogs, w’eighing 
from 15 to 20 pounds and excluding pregnant dogs, and dogs previously oper- 
ated upon The abdomen was shaved, scrubbed and painted wnth iodine and 
alcohol Aseptic technic was iigidly observed Under intraA’enous Nembutal 
Sodium anesthesia, the abdomen w’as entered through a right rectus incision 
and the appendix drawn into the wound Mesenteric attachments were divided, 
and the appendiceal vessels were clamped, divided and ligated with silk In 
order to minimize a tendency toward intussusception, the appendix was ligated 
I cm from its base, with three coarse silk ties, rather than directly at its base 
(Fig i) The distal half of the appendix w’as then traumatized with a crush- 
ing clamp, the viscera replaced, and the incision closed in layers wuth silk No 
drains were used and no dressings applied Immediately after operation, each 
animal received 50 o cc of castor oil by stomach tube 
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Fig I — Technic for producing experimental peritonitis in dogs (I) 
Dissection of stump and ligation of inesenteric attachments (11) Crushing of 
distal end (III) Ligation with three strands of heavy silk Ligation for 
diagrammatic purposes is further away from the base than actually practiced 
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No attempt was made to withhold food or water postoperatively, and no 
intravenous fluids were given Temperature and leukocyte counts were deter- 
mined every other day Necrops)' was performed on all fatalities shortly after 
death All animals operated on are included m the series The animals that 
survived were examined not earlier than 14 days after operation Culture 
studies were made of peritoneal exudate in all animals 



D/IYS 


3 Typical postoperative course of dog treated with streptomycin Maximum tem- 
perature (R) io 4°F with leukocytosis that became elevated to 28,000 


Although It IS recognized that in peritonitis, penicillin probably enhances 
the effectiveness of streptomycin, and vice versa, it was not combined with any 
of the antibiotics studied 

Ten animals were used as controls Of these, eight died of acute diffuse 
peritonitis, six of them within the first four days Two animals recovered, a 
survival rate of 20 per cent (Fig 2) 

Ten animals were treated with streptomycin, starting 24 hours postoper- 
atively and continuing for eight days The dosage was 75 mg every six hours 
intramuscularly, a dosage equivalent of 300 mg every 24 hours Of these, four 
died of peritonitis, three of them within the first six days Six animals recov- 
ered, a survival rate of 60 per cent (Fig 3) 

Ten animals were treated with aureomycin, starting 24 hours postoper- 
atively and continuing for eight days The dosage was 100 mg four times a day 
orally Of these, only one animal died, this occurring as late as the ninth day 
Nine animals recovered, a survival rate of 90 per cent (Fig 4) 
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Fig 4— Tjpical postoperative course of dog treated with aureomycin Maximum 
temperature (R) 103*^ with sliarp rise of leukocytosis to 30,000 and dropping to within 
normal limits on the fourth postoperative day 
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Unfoitunately, at the time of this study, chloromycetm was not available in 
sufficient quantity for a tan comparison with the above observations However, 
the animals m w'hich it was used survived with an initial oral dose of 25 Gm 
followed by 062 Gm every thiee hours A larger series of animals are to be 
studied w'lth cbloromycetm therap)’- for more eftective evaluation (Fig 5) 

All animals were autopsied as soon after death as possible, and peritoneal 
exudate cultuie studies made In addition, all dogs that survived 14 days w'ere 
sacrificed and culture studies made (Table I) Five control animals sbow'ed a 
predominance of Escho iclua coh Eight animals treated with streptomycin 
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97* 5 K) 

LELKOCYTOSIS 41J00 •smo 

PUS CELLS MANY MANY 

(URINE ) 


CASE I HR 
WHITE MALE AGE7A 

tXAGNOSIS* RECURRENT URINARY TRACT 
INKCTION (URETHRAL 
STRICTURE - CYSTITIS - 
pyelonephritis! 

URINE CULTURE- ECOLI 



» 000 lAico 

MANY FEW NONE 


SULFATHALIOINE 


STREPTOMYCIN 


AUREOMYOIN 


Fig 6 — Clinical course of Case i, H R Urinary tract infection 
with Esclici ichia coh Folloiving treatment ivith aureoinjcin, urine 
became culture free Patient expired of a massne gastnc hemor- 
rhage after being ambulant and readj”^ for discharge 


showed Escheudua coh, wdiile only four treated wnth aureomycin show^ed this 
organism It is interesting to note that of ten animals treated with aureomycin, 
eight showed various types of proteus organisms 

The comparative survival rates are showm in Table II 

CLINICAn STUDIES 

Two patients with infections of the urinary tract due to EscJiei ichta coh and 
two patients wuth a geneiahzed peritonitis w^ere treated with aureom3'cin w'lth 
favorable responses 

Case 1 H R , No 17022 White male, age 74, admitted to the University Hospital 
on September 15, 1948, with a complaint of pam m the legs and back associated with chills 
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and fe\cr Three montlis previously, he had been disdiaiRcd from the hospital following 
a transurethral resection for benign prostatie hypertrophy At the tune of his previous 
admission, in addition to a benign jirostatic hvpertroph}, additional diagnoses of gastric 
ulcer, cvstitis and pvelonepbritis weic made 

Admission spceiineii of cathetcri7cd mine, m addition to showing iniiumcrablc white 
blood cells, subsecpientlv cultured L^rhcncltta coh (Fig 6) Temperature on admission 
was io 3 2‘’F He was immediatelv placed on i Gm of sulfathalidme every six hours and 
2^0 000 units of streptonn cm every three hours Sulfathalidme was discontinued after 
four days Strcptomvcm was continued at the same dosage level Urine cultures one week 
after admission continued to show Eschcnchta coh and Pseudomonas pyocyanca His 


Tablf I — Incidence of Baiicna CuUincs ftom Pcntoncal Exudate of Dogs with 

Ex pel imental Pcntoniti<;'' 


0^g^nIsm 

Controls 
(10 Dogs) 

Streplomy cm 
(10 Dogs) 

Aiireomvcm 
(10 Dogs) 

Chloromvcetin 
(1 Dog) 

Dsdierichn. coh 

5 

8 

4 

1 

Gamma streptococcus 

4 

5 

3 

0 

Proteus 

4 

2 

8 

1 

Clostndium perfnngens 

5 

V 

1 

1 

Staphylococcus albus 

4 

0 

0 

0 

Streptococcus v iridans 

0 

2 

0 

0 

Beta hemoK tic streptococcus 

1 

2 

0 

0 

Staphylococcus aureus 

2 

0 

0 

0 


♦Note that Eschfrictia coh was cultured from eight of ten dogs treated with strep- 
tom j an while eight of ten dogs treated with aureomjcin cultured \arious proteus 
organisms 


course remained septic and extremely stormj On Septembei 23, 1948, or eight days after 
admission, his temperature rose to 104 4°F He was placed on an oral dose of i Gm of 
aureomjcin every six hours for two days, following which the dosage was reduced to 05 
Gm every six hours His temperature returned to normal in two days and he showed 
dramatic improvement 

Five dajs after starting aureomycm therapy, the urine became clear of white blood 
cells, and cultures were negative After six days, aureomvcin therapy was discontinued. 


Table II — Comparison of the Survival Rate in the Tieatcd and Untreated Animals'' 


Controls 

Streptomycin 

Aureomycm 

Chloromycetin 


No Dogs 
10 
10 
10 
1 


2 Days 
8 

10 

10 

1 


Surv ived 
4 Davs 
6 
8 
10 
1 


8 Days 
4 
6 
10 
I 


14 Dajs 
2 
6 
9 
1 


♦Note that 90 per cent of the dogs treated with aureomycm survived, and 60 per 
cent of the dogs treated with streptomycin Only 20 per cent of the control dogs surviv ed 


following which urine cultures again became positive However, despite this, his leuko- 
cytosis decreased, and his temperature remained normal He became asymptomatic and 
had been ambulant when he suddenly succumbed to a massive gastric hemorrhage Subse- 
quent autopsy revealed, in addition to a bilateral hydronephrosis, a benign gastric ulcer 

Case 2 — -J P , No 26677 White male, age 72, admitted to the Umversity Hospital 
with a diagnosis of recurrent carcinoma of the bladder On August 16, 1948, a bilateral 
transplantation of the ureters into the sigmoid was performed Postoperatively, he was 
placed on sulfathalidme i Gm every four hours, and also 50,000 units of penicillin every 
four hours (Fig 7) 
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CASE Z-JP 
WHITE-MALE- AGE 72 

DIAGNOSIS- POSTOPERATIVE PERITONITIS 

FOLLOWING ORETERO 5lO/“vOU>OSTO/nY 
CULTURE' E COLI PROTEUS 



CLINICAL CONDITION OF PATIENT 


Fig 7 — Clinical course of Case 2, J P Urinary tract infection with Escherichia colt 
and Proteus organisms This patient was treated with sulfathahdine, penicillin, strepto- 
mycin and sulfadiazine m the order named Aureomycin was started on his 15th postoper- 
ative day and two days before streptomycin was discontinued Preceding the adminis- 
tration of aureomycin, he was comatose Within 24 hours he showed marked response 
and within seven days after starting aureomycin, he was ambulant 
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He developed evidence of a generalized peritonitis A moderate dehiscence occurred 
and tlie incision drained copious quantities of foul smelling pus, which cultured Eschcr- 
tchta colt 

He was placed on 250,000 units of streptomjcin every three hours, which was discon- 
tinued after one week when he failed to show improvement Two days before discontinuing 
streptomjcin, he was placed on 3 Gm of sulfadiazine intravenously every day After five 
dajs, sulfadiazine therapy was discontinued When streptomj'^cin was discontinued, he was 
placed on aureomjcin 300 mg intranniscnlarly every six hours The dosage variation is 
shown in Figure 7 After sulfadiazine was discontinued, aureomjcin was the only specific 
therapv given 

Preceding the administration of aurcomjxin, he had been comatose Within 24 hours 
he showed marked response, and within 7 dajs his general condition had improved suffi- 
cientlj to permit ambulation Aureomjcin therapj was discontinued after the twelfth day 
Cultures of the abdominal wound at that time revealed a heavy growth of Proteus vulgans 
Several dajs after discontinuing aureomjcin, wound drainage increased and cultures 
showed a return of Lschcuchta coh He was again placed on aureomjcin He improv'ed 
immediatelj He was discharged from the hospital on his 39th daj', or 25 days after 
starting aureomjcin therapy 

CoMMCNr It IS conceivable that when aureomjcin was first discontinued 
and wound cultures showed a heavv growth of proteus organisms, Chloromyce- 
tin might have been of value In vntro, aureomjcin is not effective against 
proteus organisms while chloromjcetin is quite effective 

The dramatic and speedj improvement upon the administiation of aureo- 
mjem suggests a rapid control of toxins elaborated by the offending organisms, 
and recognized to be an important factoi in the lethal effect of peritonitis 

Case 3 — H O , No 42236 Colored male, age 48, admitted to the University Hospital 
with a historj of nght lower abdominal pain, and vomiting of three days duration 
A diagnosis of acute appendicitis with peritonitis was made At operation, a gangrenous 
and perforated appendix was removed The peritoneal cavity contained free, foul smelling 
turbid fluid, which, when cultured, yielded Eschcriclm colt 

Postoperativclj, he was given 100,000 units of penicillin cverj' two hours for two 
dajs, and afterwards 100,000 units every three hours He was also given, intramuscularly, 
40 mg of aureomycm, in a buffer solution, everj' four hours The dosage was varied as 
shown m Figure 8 until on the sixth postoperative day he w'as given 250 mg of aureomycm 
orally every six hours 

His entire postoperative course was remarkably uneventful, and on the 15th day he 
was discharged from the hospital 

Case 4 — W G , No 18949 White male, age 39, admitted to the University Hospital 
with a historj of pain m the right lower abdomen of one week’s duration, not associated 
with nausea or vomiting Admission temperature was I04'’F The abdomen show'ed a 
board-like rigidity Diagnosis of generalized peritonitis w^as made At operation, a gan- 
grenous, perforated appendix was removed Fecal material was found lying free in the 
peritoneal cavity A generalized, loculated type of peritonitis was also found, with thick 
^udate The pelvis was filled with pus Fluid culture, which was foul smelling, juelded 
Escherichia coh The abdominal cavity was drained 

Postoperativ'ely, he was placed on 50,000 units of penicillin every three hours, and 
500 mg of aureomycm, orallj’", every four hours for five days After five days, the same 
osage level was continued every six hours instead of every four hours 

He was discharged from the hospital on his 14th postoperative day, asymptomatic 
and incision healed 
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Fig 8 — Clinical course of Case 3, H O Mith generalized peritonitis 
and cultured Etchcitclua colt Patient treated with penicillin and aureomycin 
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CO.MPARISOX OF NEWER ANTIIilOJICS IN PERFiONITIS 


SUMMVnV AND CONCLUSIONS 

1 E\pcinnenlal pciUonitis has been pioduccd in a senes of dogs in an 
attempt to compare the piotcctuc significance of sticptoinycin and aurcomycin 

2 The sinvival rate of the control animals ^\as 20 pci cent as compaied 
with a sunnal rate of fo pei cent foi those ticatcd w'lth stieptom}cin and 
90 pei cent foi the dogs tieated with am conn cm 

3 Chloiom}cetin shows snggcstnc cMdcnce tiial it may have comparable 
lalue in peritonitis 

4 Two patients with llulicnclna toU infection of the uimaiy tract and two 
patients with gencrah/cd pcntomtis wcic treated with am conn cm with appai- 
enth fax 01 able results 

5 Observations of other woikcrs suggest that the niajoi field of usefulness 
of aurconnem max be m the treatment of infections xxith rickcttsia and ceitam 
of the xirus gioup The results noted m the present stndx wan ant moie exten- 
sixe obscixations of its cTlccts m a x.iiicty of bacterial infections 
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DiscubsiON — D r C Hal Ingram, Baltimore I would like to say just a word con- 
cerning the technic that we used m producing peritonitis in experimental animals Adult, 
mongrel dogs, weighing between 15 and 20 pounds, were used All operations were done 
through a right rectus incision, observing aseptic technic 

The appendix was delivered into the wound, the meso-appendix was divided, and the 
blood supply to the appendix was carefully ligated with silk The appendix was then 
triply ligated with coarse heavj silk about one centimeter from its base After ligating 
the appendix it was crushed distalh with an appendiceal crusher, hoping to cause necrosis 
Following this the appendix w'as allowed to fall back into the peritoneal cavity and the 
abdominal wall was closed in layers with silk No drains were inserted and no dressings 
were applied Immediately postoperatively 50 cc of castor oil ivas given by means of a 
stomach tube No intravenous fluid w'as given and no effort was made to withhold food 
or water from the animal 

This chart represents the clinical course in the control animal The temperature 
rapidly rose to more than 105 and was stabilized around 104 There was not a great deal 
of leukocytosis Death occurred on the eighth day Autopsy was performed and cultures 
were taken which were positive for E Colt and B Pt olcus There were many loculated, 
localized abscesses throughout the peritoneal cavity 

This chart represents an animal treated with streptomycin Twenty-four hours after 
opeiation he was given 300 mg of streptomycin daily in divided doses A leukocytosis 
occurred up until about the fourth day, which subsided by the seventh day Treatment 
was ended on the eighth day The animal was observed for another week and sacrificed 
on the 14th day At autopsy this animal also had a generalized peritonitis with mam 
loculated abscesses 

This chart represents an animal treated with aureomycin Treatment was started 
within 24 hours You will note the marked leukocytosis in the first 48 hours, that dropped 
rapidly in the next few days Treatment w’as ended on the eighth day The animal was 
observed for another week and sacrificed on the 14th day At autopsy the animal was 
found to have generalized peritonitis Positive cultures were for E coh and B Proteus 
There was very little tendency to localization in this animal , however, he appeared very 
healthy and alert 

This IS the record of one animal we treated with Chloromycetin Treatment W'as 
started 24 hours after operation, there was elevation of the leukocyte count with return 
to normal at the end of about six days Treatment was ended on the eighth day and the 
animal was sacrificed on the 14th day He also had generalized peritonitis 

This IS a comparison of the survival rate m the animals that were treated Only six 
of the ten controls survived the first four days, only two survived the entire two-week 
period Sixty per cent of those treated with streptomycin lived two weeks and nine 
(90 per cent) of those treated with aureomycin survived for two weeks The one treated 
with choloromycetm survived the 14-day period 

Dr Charles R Edwards, Baltimore When surgeons hunt for a new product with 
which to treat peritonitis it is a healthy sign Through the years w'e have seen decreasing 
mortality from generalized peritonitis, but the mortality rate has not yet reached the 
point we desire There is no doubt that a great many patients w'ho have generalized 
peritonitis and now survive wmuld have died a few years ago But their survival cannot 
be credited to the use of the sulfa compounds and antibiotics alone Good surgery, 
preoperative hvdration and proper postoperative treatment contribute far more, m my 
opinion, than the antibiotics and sulfa compounds alone would contribute I am not 
willing to agree with some men that you can safely close a peritoneal cavity where there 
IS a general infection, and not employ drainage 

The morbidity of patients who have general peritonitis and who receive the gunshot 
preparations now available is probably greater than ever before, because in many cases 
of peritonitis that develop verv obscure, hidden areas of infection or inflammation, or 
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both, recovery is prolonged We still ha\c a lot of gunshot wounds in civilians Recently 
a 14-J car-old boy went hunting and was climbing over a fence, holding the gun the wrong 
way, and tlic gun discharged and blew away most of his abdominal wall , also part of the 
stomach, all the transverse colon, part of the jejunum and part of the left ureter The 
resident operated on him and restored most of these structures except that he had to use 
the two ends of the colon and bring them out as a doublc-bai rcled colostomy With plenty 
of supportive treatment the bov survived the piimary shock, only to run fever for a long 
tunc, and as the course progressed he began to flex his left thigh more and more and 
complained of pain in the region of the left hip The operator removed a wad of felt from 
the shell from the left lateral gutter and the left iliac fossa Intravenous pyelograms 
showed function of the left ureter to be satisfactory Phvsical examination did not reveal a 
psoas abscess as would be anticipated because of the eomplamts, but later an extrapen- 
toneal exploration revealed pulpj degeneration of the psoas muscle, which was responsible 
for all the sjmptoms This had gone on for about five weeks 

Another case to illustrate this was in a man aged about 30, who was admitted 24 
hours after a diverticulitis of the sigmoid colon had perforated, he had general peritonitis 
He was operated on and drained and a colostomy was done, and he weathered the storm 
pnmanlj onlj to run fever for a long time He complained of soreness m the region of 
the right diaphragm, but it defied all attempts either bj ph> steal or x-ray examination to 
locate a subdiaphragmatic abscess, as was fullv anticipated After about six weeks of 
treatment he was permitted to go home and the daj before I came down here he was 
readmitted Tenting of the diaphragm was very definite, so he had harbored this inflam- 
matorj exudate, possibly infection, for about eight weeks During the year we have had 
eight cases of gencrahred peritonitis that have behaved in this manner and, in my opinion, 
this indicates clcarlj that the sulfa compounds and the antibiotics that arc now available 
are not sufficient to cure infection Thev help to control it, but thej do not eliminate it, 
and these cases will get into trouble later 

I think there is a possibilitj in these new compounds which will merit investigation 
and the work will have to be proved clinically later 
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THE EFFECTS OF INTRAMUSCULAR AND INTRATHECAL AD- 
MINISTRATION OF STREPTOMYCIN IN NORMAL DOGS 
AND IN DOGS WITH MENINGITIS DUE TO 
ESCHERICHIA COLH] 

Cobb Pilcher, M D , and Edward R Smith, M S 

FROM THE DEPARTMENT OF SURGERY VANDERniLT UNIVERSIT\ SCHOOL OF MEDICINE 

NASHVILLE TENNESSEE 

Meningitis due to Escho ichm coh is extremel}'^ rare in the adult under 
peacetime conditions (Rauch and Krinsky,^ Thompson and Quinn-), although 
infection of the central nervous system by this organism occurs not infrequently 
m patients with penetrating wounds (Cairns,^ Ecker'*) On the other hand 
this type of meningitis is fiequently encounteied in infants (Barrett, Rammel- 
kamp and Worcester^) Indeed, Rauch and Krmsky,^ after an extensive review 
of the literatuie, state that it is the most common type of meningitis in infants 
under three months of age Befoie the use of chemotherapeutic agents which 
have been developed in lecent years, the mortality rate of this disease was 8o 
per cent ® 

The use of sulfonamides led to a numbei of leports of recovery m isolated 
cases,^’ but the development of streptomycin by Waksman and his associates® 
offers hope of an even more effective therapy of this and i elated forms of 
meningitis Many of the gram-negatne pathogenic organisms are highly 
susceptible to the antibiotic effects of sti eptom}''cm and most strains of E coh 
are especially sensitive to the drug (Buggs, Bronstein, Hirshfeld and Pilling®) 

It is well known, how^ever, that in nonnal individuals intramuscular adminis- 
tiation of streptomycin results in the appearance of only minute quantities in 
the cerebrospinal flmd (Anderson and Jew'elQ® Heilman, Heilman, Hinshaw^ 
Nichols and Herrell,^^ Zintel, Flippin, Nichols, Wile}^ and Rhoads^®) Although 
in the presence of meningitis, somewdiat lai gei quantities of streptomycin reach 
the spinal fluid,^®’ it w ould naturally be anticipated that intrathecal adminis- 
tration of the drug w^ould offer maximum effectiveness m the treatment of 
meningitis 

Anderson and JewelP® and Heilman ct obseived no apparent irritative 
effects of intrathecal injection of streptomycin Cairns, Duthrie, and Sinitld'* 
repoited a moderate pleocytosis after such injections m two patients wuth brain 
tumors In one case of tuberculous meningitis and one case of meningitis due 
to Ps pyocyauea (both extremely ill), the same authois repoited “fatal leac- 
tions” immediately followung lumbar subaiachnoid injections of 100,000 units 
of stieptomycin and they warned that “111 acutely ill patients such injections aie 
not free from danger'” Walker and Tohnson^' reported severe ataxia m 

** Read before the Southern Surgical Association, White Sulphur Springs, W Va , 
December 8, 1948 

t This study was aided by the Jack Fies Fund for Research in Neurosurgery and 
the John B Howe Fund for Research in Neurosurgeri The streptomycin lyas fur- 
nished by Merck and Compam at the request of Dr Chester Keefer 

810 



\tiUimc IJ'i 

It 


EFFIXIS OF STREP JOM\ClFi IN DOGS 


monkeys aftei ci^tcinal injection of slieptonijcm and a coUital iintative pat- 
tern m the elcctioenccphalogi.ini aflei ajiplication of the duig to the ceiehral 
coitex Gianuloniatoiis lesions weic jnoduced hy injection of streptomycin 
in the ceiehral coitex 

On the olhei hand, Xnsshaum, Goodman, Robinson and Ray^*’ icpoited 
pionipt reco\ei\ in thiee infants with mnuen/al meningitis tieated with stiepto- 
imcm mtiamusciilaih and intiathccalh 

Streptonuem thciap\ of meningitis dne to E toh has been reported m 
two cases (Shields,''’ Alcxandei^'’) Both patients (one an infant, the othei 
an adult) had failed to icspond to penicillin, both lecmeicd aflei treatment, 
niliathecall} and mtiamusciilaih, with sticptonncm 

Because of the existing uncertamU rcgaiding the safety and efficacy of the 
intrathecal use ot sticptonncm we ha\e earned out studies and the effects of 
tins agent in normal dogs and m dogs with meningitis due to E coli 



Fig 1 — The “papcr-disc” assay method for determination 
of strcptomjcin concentration 


^lETIIODS 

Stieptomjcm le\els were detei mined by the “papei-disc” assay method of 
Loo, Skell, Thornberry, Ehrlich, McGuire, Savage and Sylvester The 
organism empio) ed m the assays w’as Strain No 103, G M S -3 of B siihtihs 
Assays were found to be extiemely accurate and constant (Fig i) 

The strains of E coh employed for the production of meningitis w'ere 
obtained from human infections w ere tested for virulence and dosage m dogs 
and w ere kept m saline suspension m sealed ampoules m the frozen state, as 
described m a pievious repoit-" Different “batches” of the cultures were em- 
ployed in the three series of meningitis experiments (see below), but the 
organisms used in all animals m each senes, both treated and untreated, w'ere 
from the same “batch ” 

Dogs weighing seven to 12 kilograms were used m all experiments 
In four animals, intramuscular injections of 25,000 units of streptomycin 
were made at three-hour intervals and the level of the drug m the blood and 
cerebrospinal fluid determined in the same manner 

In each of six dogs, a single injection, ranging downward from 50.000 
units to 5,000 units w^as made into the cisteina magna and the animal observed 
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for the effects upon temperature, pulse rate, respirations, clinical condition, and 
the cell count and streptomycin level in the cerebrospinal fluid 

In lOO animals E colt meningitis was produced by injection into the 
cisterna magna of a suitable number of organisms suspended in o 5 cc of saline 
solution Experiments were done in groups of ten Five dogs of each group 
'Aere treated, five untreated 

In a senes of 40 dogs, treatment (m half the animals) consisted of daily 
intracisternal injection of 5,000 units of sti eptomycm, the first injection 30 
minutes after the organisms were injected Similarly, the treated animals in 
another group of 30 dogs received only intramuscular injections of 25,000 units 



Fig 2 — Blood and cerebrospinal fluid concentrations of streptomycin after 

intramuscular injection 


of streptomycin every eight hours, beginning immediately after the injection of 
organisms In a third series of 30 dogs, the effects of combined intrathecal and 
intramuscular therapy were determined in the same way Treatment was con- 
tinued for seven days in all animals which survived that long 
Daily blood and spinal fluid cultures wei e made in all animals 

RESULTS 

In normal dogs, mtiamuscular injection of streptomycin resulted in the 
appearance only of barely perceptible quantities in the cerebrospinal fluid In 
dogs with E coh meningitis, the spinal fluid concentration was distinctly higher, 
but a level of five units per cubic centimeter was the highest obtained Typical 
examples of the two groups are shown in Figure 2 
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Intrathecal injection of 50,000 units of sti cptomycin in a nomial dog 
resulted in ininiediate stupor, profuse salivation, facial twitching and vomiting, 
followed by nyslagnius and inaiked ataxia Four houis after injection, the 
rectal temperature reached 106° F , icspiialions were 62 and shallow, pulse rate 
was 156 The spinal fluid white blood cell count 1 cached 2190 at the same 
time and was 2700 24 hoiits latei '\bnoiinal symptoms giadually disappeared 
w itliin 48 hours 


Tabif I — The Spinal riuid Cell Couiil and Dnio Level After a Single Jniiathccal 

Jnjiction of Stteptonncin 


Time After Injection 


1 Hour 2 Hours 1 llotiri 6 Hours 24 Hours 48 Hours 


Dor 

No 

Cell 

Dosase Count 
Units pcrcc 

DruR 
Lc\e) 
Unit'" 
per cc 

Cell 

Count 

I>cr cc 

nrUR 

Lc\cl 

Uniti 

per cc 

Cell 
Count 
per cc 

DruR 
Lc\ cl 
Units 
per cc 

Cell 

Count 

per cc 

DruR 

Lc\c! 

Units 

per cc 

Cell 

Count 

per cc 

Drug 
Level 
Units 
per cc 

Drug 
Cell Level 
Count Units 
percc percc 

SCS I 

lOOOO 

210 

1990 

257 

890 

2190 

262 

1680 

32 

2700 

23 

675 

9 

SCS2 

25 000 

30 

1175 

275 

540 

190 

330 

1000 

ISO 

220 

19 

75 

9 

SCS 3 

IS 000 

72 

588 

220 

376 

7020 

87 

5100 

32 

272 

11 

no 

4 

SCS 4 

10 000 

32 

640 

100 

440 

* 

80 

• 

14 

1055 


120 

4 

SCS 5 

7,500 

13 

536 

13 

240 

90 

120 

710 

90 

230 

10 

80 

3 

SCS 6 5 000 7 

* Blood m "specimen 
** Unsatisfactorj as'ij 

320 

25 

160 

52 

140 

2250 

67 

182 

9 

52 

3 


Following intrathecal doses of 25,000 units, 15,000 units, 10,000 units and 
75oo> the same symptoms and signs appeared wuth progressively diminishing 
seventy and duration With 5,000 units (roughly 500 units per Kg ) moderate 
lethargy and ataxia w ere the only symptoms and lasted only a few’’ hours A 
marked pleocytosis in the spinal fluid wras found wuth all doses (Table I) 


Table II — Suivmal 

Time, All Experiments 


Treated Untreated 

Recovery 

35 

16 

Less than 24 hours 

11 

17 

24-48 hours 

' 0 

3 

48-72 hours 

0 

4 

3-7 days 

3 

5 

Death after 7 days 

1 

5 


All of these animals retained an effective level of the drug m the spinal 
fluid for 24 hours or longer (Table I) For this reason, 5,000 units was 
assumed to be the optimum daily dosage for dogs of this size 

The survival time m all animals with meningitis due to E coh is shown in 
Figure 3 and Table II Thirty-five (70 per cent) of the 50 dogs treated with 
streptomycin recovered as compared with 16 (32 per cent) of the 50 untreated 
dogs Of the 15 treated dogs which failed to survive, eleven died within 24 
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hours, as did 17 untieated dogs Excluding tliose animals who failed to live 24 
houis the recovery rate in the treated group was 897 per cent as compared 
with 48 5 per cent of the untieated group 

Differences in mortality 1 ates m the three series of control animals are no 
doubt the result of use of thiee different pieparations of the organisms How- 
ever, this does not affect comparative results in each senes, since tlie same 
pieparations were used in both treated and untreated animals of each group 


INTRAMUSCULAR INTRATHECAL INTRATHECAL AND 
THERAPY THERAPY INTRAMUSCULAR 

THERAPY 



Fig 3 — Survival time in meningitis due to E coli in dogs , effects of 

streptomycin tberapj 


Independent of this factoi, theie ivas a marked difference in the results m 
the three types of experiment (Fig 3) Intramuscular therap)’’ was limited m 
effectiveness The recovery late w'as greater in the treated group but the sur- 
vival time in fatal experiments was greater in the untreated group 

The results of intrathecal therapy alone were more favorable as to both 
mortality and morbidity, but the differences w^ere not great 

However, the combination of intrathecal and intramuscular therapy resulted 
in a highly favorable therapeutic effect in the treated animals (Fig 3) OtiIi? 
two of 15 control dogs survived as compared with 12 of the 15 treated dogs 
Evidently the preparation of E coh used in this series W'as particularly virulent, 
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since 10 t>l the is iiiitie.ited dogs died within 24 houis 'Jdns gives added 
signiiicniKe to the high ieco\ei\ late in the ticated animals 

Figuies legal ding dniation of poMtne cnltines of E coli 111 blood and 
cerebrospinal fluid aie diflicult to anah/e, since eaih fatality means shoit dura- 
tion ol positne eultines and highci moitaht) late means fewei total days in 
which positne cultures could ha\c been obtained Despite this “weighting” of 
the statistics m la\or of the unlicated senes, Table III shows an ovenvhelm- 
ingh unUnoiablc incidence of positne cultmes m the nntieated animals 

SUMMMn VM) COXCLUSIOXS 

The eflects ol stieiitonncm ha\e been obberved in noimal dogs and in 
dogs with meningitis due to Eschmihm coh Oui obsei rations seem to justify 
the following conclusions legaiding the eflccts of this theiapeutic agent in 
the dog 


Taiiic III — Inc Duiatioii of PociIkc CiilturtK ni Blond and Cli cbt oiptnal Fluid After 

till I'u <;t 2d 11 out 9 


Number of Da>s of Po'^itive Cultures 


T\ [« of Tlicnin 


Treated 



Control 


No of 
Dors 

Blood 

csr 

No of 
Dors* 

Blood 

CSF 

Inlmmuicul ir 

n 

S 

70 

IS 

19 

lOS 

Intralliccnl 

IS 

1 

2S 

14 

10 

102 

Intntliccil ancl intnmu'-culnr 

12 

0 

s 

S 

3 

15 

Totals 

40 

9 

100 

34 

32 

222 


* Klimin'itmR 'iiumals fiiliiiK to surMvc 24 hourb (sec tc\t) 


1 In the nonnal dog, intramuscular injection of streptomycin does not re- 
sult in the appearance of a significant amount of the drug in the cerebrospinal 
fluid 

2 In dogs with E coh meningitis, intramusculai injection of stieptomycm 
produces a slightly higher, but therapeutically inadequate level in the cerebro- 
spinal fluid 

3 Intrathecal injection of large amounts of streptomj^cin may produce 
very marked irritative and toxic effects The seventy and duiation of these 
effects IS approximately proportional to the size of the dose 

4 The optimum daily mtiatliecal dose m the dog seems to be approxi- 
mately 500 units of streptomycin per kilogram of body weight This dose 
niaintams an average 24-hour level of the drug in the cerebrospinal fluid 
approximately as high as do larger doses 

5 Intramuscular streptomycin m therapy of E coh meningitis is ineffective 

6 Intrathecal streptoni) cm therapy of E coh meningitis is helpful but 
inadequate 

7 Combined intrathecal and intramuscular therapy of E coh meningitis 
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has a markedly beneficial effect upon mortality rate, survival time and duration 
of positive cultures m blood and cerebrospinal fluid 

Addendum Since this work was completed, a paper by Lewm (Lewin, W Bnt J 
Surg , 35 266, 1948) has reported eight cases of meningitis due to “coliform 

organisms” resulting from contamination of wounds None of these was treated 
with streptomycin 
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Discussion — Dr Winciuii McK Cuaig, Rochester, Minn The progicss of med- 
icine has been punctuated by new disco\ cries which ha\c been used and tested for a final 
cxaluation of their true worth With tlic ad\cnt of the sulfa drugs and the other anti- 
biotics much clinical and laborator\ research has been necessary to determine the limi- 
tations of these drugs 

Foremost among those clinicians who have been conservative in the clinical uses of 
the antibiotics has been Dr Cobb Pilcher Again he has gone into the laboratory for tlie 
purpose of assessing the \ahie of intrathecal and intramuscular administration of strep- 
tonijcin in treatment of tertam infections of the tcntial nervous system While Esclicr- 
iclm coU meningitis may be rare, the utihration of streptomycin m the combined method 
of administration follows the clinical application of the use of penicillin in ticatment of 
other infections 

Mj colleague, Dr Wallace E Herrell who, as you know, has done a great deal of 
work with penicillin, tvrothricm and streptonncin, has commented upon the use of peni- 
cillin as follows ‘‘Penicillin has pro\cd exceedingly effective in the treatment of certain 
infections imohing the central nervous system, including meningitis, wounds of the 
brain and brain abscesses In the treatment of meningitis, penicillin should be administered 
b\ the intramuscular route and supplemented by 10,000 units of penicillin dissolved in 
5 or 10 cc of plnsiologic saline solution injected intrathecally every 24 or 48 hours for at 
least the first few da\ s of the disease ” 

According to Herrell, many adverse comments upon the intrathecal use of penicillin 
and streptoimcm are based upon the unfair e\aluation followung the use of too large 
amounts of the drug I^Iany authors who question the use of intrathecal administration 
do so because of the pleoc\tosis which sometimes occuis following its administration, and 
Pilcher’s contribution to our knowdedge of streptomycin helps clarify this point Cultures 
of the spinal fluid should be made after 24 hours and at frequent inter\als until a negative 
culture IS obtained 

Pilcher has called attention to the fact that the concentration in the cerebrospinal 
fluid following intramuscular administration of streptomjem is greater than normal in 
infections of the central ner\ ous s> stem, because more of the drug can pass the blood brain 
barrier And the therapeutic cffcctneness of the drug administered intramuscularly is 
more effective when augmented bj the additional intrathecal administration 

According to Herrell, intrathecal administration of this drug is indicated when high 
concentrations of streptomycin are desired in the cerebrospinal fluid Single injections of 
as much as 100,000 units (100 mg) m 5 or 10 cc of isotonic solution of sodium chloride 
ha\e been given intrathecally without evidence of serious reactions, and this amount may 
be given everj 24 hours Before the intrathecal injection is made, a sufficient amount of 
spinal fluid may be withdrawm to permit bactenologic and other laboratory studies, 
including the determination of the level of streptomycin m the cerebrospinal fluid 

Streptomycin behaves not unlike penicillin w'hen injected into the body It diffuses 
rather readily throughout most body tissues and is excreted in certain body fluids such as 
urine, bile and milk It differs from penicillin m the fact that even large amounts when 
given by mouth do not penetrate into the blood stream, making it an additional weapon 
m the preparation of patients for operation on the bowel This is because streptomycin 
markedly inhibits the growth of the coliform organisms present in the fecal stream 
Streptomycin is primarily effective against certain gram-negative microbes, whereas 
penicillin is effective against gram-positive pathogens 

Bacteriemia and infections of the urinary tract due to Escherichia colt have responded 
satisfactorily to streptomycin There have been some failures m this group due to the 
fact that the organism was resistant or became resistant to streptomycin Different types 
of meningitis have responded satisfactorily to treatment with streptomycin These include 
infections due to Hemophths influeusae and, in our series, we have one case of meningitis 
due to Escherichia coh which received streptomycin by both the intramuscular and intra- 
thecal routes with a complete cure 
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The toxic effects of streptomycin are somewhat similar to those of penicillin and 
respond m the same way following administration of one of the antihistamine drugs such 
as benadryl or pynbenzamine in doses of 50 mg three times a day In addition to the 
cutaneous toxic manifestations such as urticaria or irritative dermatitis, the toxic effects of 
streptomycin have been nausea, malaise, fever, renal irritation and arthralgia These forms 
of toxicity are probably due to impurities The dermatologic manifestations and involve- 
ment of the eighth cranial nerve were the ones most common The latter results in 
tinnitus and dizziness and usually follows a long-continued administration of the drug 

Streptomycin can be given intramuscularly and intrathecally in combination with peni- 
cillin administeied m the same way In cases in which there is some question with regard 
to the effectiveness of a single drug, it has been demonstrated that sulfonamides and anti- 
sei urns can also be employed safely 

As Doctor Pilcher has pointed out, meningitis from Eschenchia coh is rare unasso- 
ciated with penetiating wounds of the brain but, when meningitis does occur, caused 
either by Escherichia coh or other gram-negative bacilli, it is extremely gratifying to know 
that such studies as he has carried out make the intramuscular and intrathecal adminis- 
tration of streptomycin a safe procedure’*' 

Dr Lo\al Davis, Chicago Doctor Pilcher and his associates have made another 
contribution to our knowledge concerning the methods, dangers and benefits of the use 
of the antibiotics in infections of the nervous system and its meninges Their investigations 
upon penicillin and the sulfonamides were of basic importance, and to these they have now 
added important experimental data concerning streptomycin 

To avoid obtaining the wrong impression, it must be emphasized that m doses proper 
for his experimental animals, the benefits obtained from the intrathecal administration of 
streptomycin far outweigii its irritative effects As a matter of fact. Ivy has shown that 
eien the normal spinal fluid of a dog injected intracisternallj', or intrathecally, into another 
dog, also produces irritative symptoms 

The ciicumstances are similar to those reported upon the effects of penicillin \Vhen 
this drug was introduced into the ventricles and subarachnoid spaces of experimental 
animals, si mptoras of marked irritation were produced Yet ii e, with many others, have 
used penicillin in loo.ooo unit dosages mtrai entncularly in children with meningitis 
without residual damage We have also successfully followed the adiice of Wjeke of 
Australia, in using hepaiin to prevent the formation of a thick fibrinous exudate which 
often obstructs the cerebrospinal fluid pathways 

Doctor Pilcher points out again that streptomycin, to have its maximum effect, must 
be used intramuscularly and intrathecally, as is true of penicillin Again, the effect of 
infection upon lowering the cerebrospinal fluid-blood barrier is demonstrated in their 
experiments 

Finally, I would ask onlj one suggestive question about these most excellent basic 
experiments Would histologic study of the meninges and nerve tissue give any more 
assurance than is offered bv evaluation of the clinical symptoms, that in proper dosage no 
permanent damage ivill result from the use of streptomycin in cases ivhich are the clinical 
counterpart of Doctoi Pilcher’s experiments^ 

Dr Cobb Pibcher, Nashville (closing) I want to thank Doctor Craig and Doctor 
Davis for their discussion I do not think I can fully answ'er Doctor Davis’ question 
regarding the histology and the effect produced bj'’ streptomycin in these experiments 
I may say that sections of the middle ear, acoustic nerve and brain stem have not shown 


* Herrell, Wallace E Streptomycin Mississippi Valley Med Jour Oct I947 
Reprinted by special permission from JAMA, 132 200-20S, Sept 28, 1946 

Herrell, Wallace E Clinical Use of Antibiotics with Special Reference to Penicillin 
and Streptomycin The Journal-Lancet, 68 6-9, Jan 1948 
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am significant cftccts of iiijuri Wc know that loss of heaiing and loss of vestibular 
function are common in the use of strcptom3cni AIj' owm feeling is that it is a dangerous 
drug, and it was with this in mind, as well as otlici points, that this sludj w'as undertaken 
We ha^c shown that large doses produce serious sjmptoms Wc li.ive also showm that 
small doses arc safe m animals The same general results ha\c heen found m clinical 
use, as well as with penicillin Wc know that both drugs ha\e a stiong irntativc effect in 
large doses intiathccallj Both diugs aic still guen in large doses, w’lth complications 
which arc usualh attributed to the disease, rather than to the ding 

I think our paper should be taken as a waining against laige doses of these drugs 


ULTRAVIOLET RADIATION AS AN ADJUNCT IN THE CONTROL 
OF POST-OPERATIVE NEUROSURGICAL INFECTION 
II CLINICAL EXPERIENCE 1938 - 1948 ^ 

Barnes Woodhall, M D , Robert G Neill, M D 

AND 

Henry M Dratz, M D 
DtniHAM, N C 

FROM THE NEUROSURGICAL DIVISION DUKE HOSPITAL AND MEDICAL SCHOOL DURHAM N C 

In 1936, Hart described the use of ultraviolet radiation for the reduction 
of postoperative infection from air-borne bacteria in the operating room ^ In 
subsequent publications, Hart and his associates have presented in considerable 
detail the bactenologic and clinical aspects of this problem in the field of 
general surgery Only preliminary clinical studies were conducted among 
neurosurgical cases This report will include our total experience with the 
use of ultraviolet radiation as an adjunct m the control of potential postoper- 
ative infection among 3,019 clean neurosurgical cases during the time period 
between January, 1938, and July, 1948 A preceding publication has described 
the effect of the exposure of atmospheric air plus ultraviolet radiation upon 
the brains of experimental animals ^ No structural alterations were demon- 
strated m these studies that precluded the use of ultraviolet radiation upon the 
human brain nor has clinical experience suggested an}’- untoward reaction in 
the exposed cortex when that structure is protected by the usual neurosurgical 
methods 

Although the complicated problem of postoperative infection has been 
examined at length by general surgeons, there is by comparison little direct 
experience recorded m our neurosurgical literature Cairns, almost alone in 
his study of this field, has demonstrated without much doubt that neurosurgical 
postoperative infection does exist and represents a formidable obstacle to the 
attainment of consistently good technical results The material of his first 
report^ and a second review of later clinical investigations^ may be summarized 
as follows 



Operations 

Infections 

Deaths 

1927-1938 

968 

? 

23 

May 1938-November 1944 

1169 

SI (4 4%) 

13 

December 1944-March 1947 

670 

6 (0 9%) 

0 


After November, 1944, Cairns began the prophylactic local use of a mixture 
of penicillin and sulphamezathine with an attendant marked reduction m 

* See The Effects of Ultraviolet Radiation on the Exposed Brain Experimental 
Study,” by Guy L Odom, Henry M Dratz and F V Kristoff, to be published m the 
July Annals of Surgery 

t Read before the Southern Surgical Association, White Sulphur Springs, W V, 
December 8, 1948 
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infection rate He states that the six infections recognized during this period 
were severe and might have been fatal without vigorous antibiotic tlierapy 
A subsidiary but important by-product of this efTort in the reduction of 
postoperative infection wms the finding that the brain may be susceptible to 
infection by organisms normally regarded as saprojihytes or contaminants 
A second as yet unpublished summary of the incidence of postoperative 
neurosurgical infection has been made available to us through the generous 
co-operation of Dr Wilder Penfield. Dnector of the Monti eal Neurological 
Institute” Ever)' possible effoit has been made m that clinic to control the 
man) factors perhaps responsible for postopeiative infection Doctor Pen- 
field’s results are particularly significant since they illustrate a i eduction m 
infection rate through the adjuvant use of a modified form of ultraviolet 
radiation A definition of the charactci of these infections is not available 
The year!) infection rates are given by Doctor Penfield as follows 


\ enr 


Cn^es Number of infection-: 


1912-41 

1943- 4'1 

1944- 4S 

1945- 46* 

1946- 47 
194 7—48 


695 4 

760 10 

858 11 

968 4 

871 2 

914 4 


* In-stallition of modified form of ultraviolet radiation 


The recognition by Cairns and Penfield of the existence and danger of 
postoperative infection among neurosurgical cases has m each instance resulted 
in the steady reduction of the infection rate, by different methods, to a 
relatively negligible factor If further evidence is required to substantiate the 
fact that the problem of neurosurgical infection is a real one, and often unan- 
swered, It may be obtained by reading the neurosurgical literature of the 
time period covered by our report In four American surgical and neurosur- 
gical journals in the time period January i, 1938, through January i, 1948, 
2,710 clean neurosurgical cases are reported, among whom 20 patients died as 
a sequel of postoperative infection 

The statistical data of our survey, with a brief discussion of the findings 
are as follows 


Table I — Geueial Summary 


Total clean operative procedures 3 oi9 

Total infections 42 

Severe 12 4% 

Mild 25 

Stitch abscess 5 

Deaths attributable to infection 1 

Infection percentage rate 1 39 
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Table II — Infections per Yeai 



Number of 
Procedures 

Infections 

Deaths 

1938 

170 

0 

0 

1939 

202 

2 

0 

1940 

275 

3 

0 

1941 

190 

4 

1 

1942 

232 

0 

0 

1943 

210 

2 

0 

1944 

252 

4 

0 

1945 

321 

5 

0 

1946 

425 

11 

0 

1947 

477 

9 

0 

1948 (6 months) 

265 

2 

0 

Totals 

3 019 

42 

1 


Table III — Infections tn Specific Opciatwc Procedures 


Number of Number of 

Cases Infections Deaths 


Craniotomy 

1,228 

13 

1 05% 

1 

Removal of ruptured disk 

1 063 

19 

1 77% 

0 

Laminectomy 

271 

6 

2 21% 

0 

Other"'' 

457 

4 

90% 

0 


* Includes procedures such as lobotomy, trephine removal of ettradural 
or subdural hematomas resection of meningoceles peripheral ner\ e opera- 
tions sympathectomies scalenotomies ligation of internal carotid artery 
in the neck and the like 


Table IV — Pi edoimnating 01 

Single Infecting Organism 

Hemolytic Staphylococcus aureus 

14 

Nonhemolytic Staphylococcus aureus 

10 

Nonhemolytic Staphylococcus albus 

5 

Culture negatn e 

13 


DISCUSSION 

The duration of hospitalization or the duration of secondar}’^ wound healing 
the intensity and length of elevated temperature rates, the threat to life or 
bodily function and the necessity for intensive antibiotic therapy were factors 
by which the severity of any one infection in this series was measured Twelve 
infections were consideied to be severe, 25 mild and five were noted as simple 
stitch abscesses The incidence of infection was higher in lumbar laminec- 
tomies than in craniotomies or upper spine laminectomies The rate of the 
severe infections was approximately 4 per cent 

In seeking a cause for individual infection, other than the acknowledged 
one of air contamination, it is interesting that 27 of the infections were 
related, if not directly attributable to defects in neurosurgical technique or 
errors in neurosurgical management Thus, 12 infections followed the early 
appearance of operative hematomas, either with or without wound disruption, 

822 



\olumt 1I'> 
Number i. 


CONTROL OF NEUROSURGICAL INFECTION 


fne \\cre subsequent to scalp flap necrosis, two appealed when craniotomies 
weie diained thiough an adjacent stab-wound, tuo wcie lelated to the reten- 
tion of foicign bodies (tiianqulai flufTs), two occuiied in disc piocedures m 
patients \\bo baiboied a single cutaneous fuuincle, one in a patient Avith a mild 
geneiali7cd dcimatitis, one followed lepeated vcntiiculai taps, one occurred 
in a cianiotomy wound that bad been packed to contiol hemorrhage, and one 
was noted ten dajs aftci a tantalum cianioplasty of exceptional magnitude If 
these infections wcic related to cxtianeoiis factois, the number presumably 
due to contamination by aii-boinc bacteria is significantly i educed 

Among the infections in which a positue cultuie w^as obtained, the organ- 
ism represented some h pe of staph) lococcus, a finding that has been previously 
deinonstiatcd b) Doctoi Plait No seasonal variation w^as noted m the rela- 
tncly few infections The a\eragc hospital stay for the patients with any 
foim of infection, sc\cre oi mild, was 294 da)s as compaied to the aveiage 
sta)* for all patients in the }ear 194/ of 12 7 days These patients were oper- 
ated upon In two staff neuiosurgeons and the resident neurosurgeons present 
during the ten-) ear period of the study 

Summary of case fataht) attnbuted to infection 

Duke Hospital Histoiy A-5226r, colored male, age 17, was admitted in a 
stuporous condition to the Neuiological Division of the Medical Service on 
December 3, 1940 Generalized headache had developed a wrecks piior to 
admission and the patient had become comatose 4 days before admission 
Neuiological examination showed, in biief, bilateral papilledema, right hemi- 
paresis and hyperreflexia of the right-sided muscle-tendon reflexes A pro- 
Msional diagnosis of tuberculous meningitis was entei tamed and lumbar 
puncture demonstrated too mononuclear cells, a positive Pandy leaction and 
increased subarachnoid piessure All other studies w^ere essentially normal 
A left frontal craniotomy w^as subsequently performed (B W ) and the left 
frontal lobe w'as resected The resection plane passed thiough a necrotic 
neoplasm situated in the base and lateial border of the anterior horn of the 
ventricle and extending caudally in the temporal lobe On the seventh postop- 
erative day, m spite of repeated ventricular drainage to reduce pressure, the 
medial limb of the craniotomy incision ruptured Later culture from the 
persistent cerebrospinal fistula show^ed the presence of non-hemolytic staphylo- 
coccus aureus Death occurred 22 days after operation and autopsy revealed 
a puiulent leptomeningitis The tumor, disclosed at operation, invaded the 
left fronto-temporal region, crossed through the corpus callosum and infiltrated 
the right frontal lobe The pathologic diagnosis was glioblastoma multiforme 

SUMMARY 

Ultraviolet radiation has been used as an adjunct in the prevention of 
neurosurgical infection during the time period between January, 1938, and 
July, 1948 Clinical experience with 3,019 clean neurosurgical cases has 
demonstrated subsequent wound infection m A2 of these cases, an incidence of 
I 39 per cent Twelve of these infections were severe, 25 were considered mild 
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and five were lecorded as simple stitch abscesses Staphylococcus aureus and 
albus were the predominating infecting organisms A considerable number of 
wound infections appeared to be related, not only to the factor of bacterial 
contamination from the air, but also to errors in neurosurgical technique and 
management In our opinion, this clinical study over a ten-year period 
indicates that ultraviolet radiation should be considered an important adjunct 
of the neurosurgeon's armamentarium 
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Discussiox — Dr Deril Hart, Durham, NCI believe Doctor Woodhall has 
leaned backward in including even possible infection in his cases, and m ascribing the one 
death to an operating room infection , that is, an infection originating during the operation 
This man disrupted his wound ten days after operation and died 22 dajs folloumg oper- 
ation, at which time there was infection in the wound after it had been draining for 12 dajs 
In the publications I have made on unexplained infections in operative wounds, we 
eliminated all the cases where there was an evident cause of infection, such as operation 
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on a pcrfoialcd appendix, prolonged drainage of a wound, such as Doctor Woodliall 
reports, clc 

Before we introduced ultra\ioIct radiation in the operating room we had a number of 
sc\cre, unexplained infections Infections occur in cjcles associated with bacterial spread 
o\cr the countrj E\erjone is faniihar with the spread of streptococcal organisms 
following the lOiS epidemic of influenra and the pre\alcncc of streptococcal wound infec 
tions which followed In the course of six j’cars, during wdiicli we had 15,000 operations 
111 a new hospital, we had 17 unexplained deaths 111 clean wounds These w'ere serious 
infections with meningitis, septicemia, and peritonitis predominating, all were fairly large 
operatnt procedures, mostlj thoracoplasties, orthopedic operations or cranial operations 
We did not ha\c fatal infections 111 the general run of operative procedures, but occasional 
infections did occur 

The organisms in fatal and 11011-fatal infections were predominately Staphylococci 
As illustrating the cjchc curve of infections, I would like to call attention to the fact that 
in one three-month period we had 35 per cent of all deaths from “unexplained” infections 
in this fivc-vear period while we were doing approximatclj i 5 per cent of the total num- 
ber of operations ^t this tunc in December, January and February, there was an epi- 
demic of Staphylococcus aureus contamination of the nose and throat in the people of the 
commumtv , 75 per cent of the people 111 the operating room personnel and in the general 
population had this organism m their noses and throats During such time infections are 
almost inevitable if nniiv large surgical operations arc performed vvitliout some provision 
for preventing organisms from entering the air or for killing them 111 the air The number 
of organisms 111 the air of the operating room diminishes greatly during the summer 
When the organisms arc in the noses and throats in great number, they are also m the air 

Doctor Woodliall and other members of the staff started using ultraviolet radiation 
at their own request, and it is now used routinely for most large clean operations 
Between 50,000 and 100,000 operations have been performed in the Duke Hospital during 
the past 10 years About 10 per cent of these have been large, clean procedures protected 
with ultraviolet radiation 

I have not made a complete survej recently, but have followed the matter of infec- 
tions closelj and I do not believe that there has been any death resulting from an unex- 
plained infection during this period, unless this one reported by Doctor Woodhall is con- 
sidered as unexplained 
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Reproduc iiONS of the gasti o-intestmal tract are a relatively uncommon 
occur! ence The term “enterogenous cyst” has been applied to these reduplica- 
tions, which may occur in any pait of the gastro-intestinal tract from the 
esophagus to the sigmoid They are most commonly seen m the ileocecal region 
and decrease in fiequency generally proximal to this point About 15 cases have 
been reported m the hteiature as occurring m the duodenum, and the case 
reported herewith is the third recorded instance of reduplication of the stomach 
Enteiogenous cysts aie closely related embr} ologically to congenital diver- 
ticula Meckel's diverticuhun occuiring as a failure of closure of the omphalo- 
mesenteric duct IS the commonest form of congenital diverticulum Cysts 
occurring in this legion usually represent remnants of this embryological 
structure These c>sts, wheievei they occur in the intestinal wall, may be 
intermuscular, submucosal or subserosal, or may occur as a reduplication 
aiidtomicallv similar to the normal gastro-intestmal tiact ivlnch they duplicate, 
as m the case of leduplication of the stomach repoited by Ladd and Gross In 
isolated instances, cysts have lost their connection with the wall of the intestine 
and ma\ occup) a position betw een layers of the mesentery somewdiat removed 
f ! om the parent gut The unifoi m characteristic of these c} sts is that the struc- 
ture of the c\st wall resembles the intestinal wall from which it was derived 
Occasionalh , mtra-cvstic pi essure or inflammatoiy changes may produce varia- 
tions in the epithelial lining of these cysts 

Symptoms pioduced b} these cysts in the intestinal tract vary wuth their 
location and aie usualh manifested by evidence of obstruction, infection, or 
both, and rarely by the piesence of a palpable mass Most often symptoms are 
produced wdiich lead to lecognition of these cysts at laparotomy in eaily infancy, 
but our case of reduplication of the stomach was 27 years of age The pre- 
operative diagnosis of such a cyst is extremely unlikeh', although a presumptive 
diagnosis may be made raiely m the piesence of a palpable mass w'lth obstruc- 
tive symptoms 


Treatment of enterogenous cj-sts has vaiied widely wuth different observeis 
and it may be said that each cyst presents a problem wduch must be solved indi- 
vidually Removal of a c3st without entering the bowel lumen is frequently 
impossible because it is so intimately attached to the wall of the bow^el Resec- 
tion of the bow'el and its contained cyst is usually the method of choice In cysts 
of the duodenum, resection or total lemoyal may be impossible because of the 
danger of damage to the commo n or panci eatic ducts Attempts to drain these 

* Read before the Southern Surgical Association White Sulphur Springs, W Va , 
December 9, 1948 
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c}st.s externally ha\c usually ic'^uUed in failute because of then tendency to 
recur Extcinal diainage of such evsts uas attempted in lioth of the cases of 
enterogenous C} sts of the stomach pi c\ lously i epoi ted and appai ently was suc- 
cessful in the case of Ladd and Gioss The method of internal diainage sug- 
gested by Gai dner may he the method of clioice in some instances 

The case lepoited h\ Ladd and Gross was that of a seven-year-old girl 
whose reduplication of the stomach closel}' simulated the adjacent normal 
stomach Svmptoms which led to a lapaiotomy w^eie a vague gastro-intestinal 
disturbance and loentgeii-iav CMclence of encioachment on the normal stomach 



Fig I — ^Roentgenogram of stomach demonstrates prominence 
of mucosal pattern with evidence of extrinsic pressure on 
duodenal cap 


lumen along the greater curvature Treatment consisted of marsupialization of 
the mass with subsequent debridement and packing with gauze The case of 
Ferraro occurred m a six-months old child Symptoms consisted of the pres- 
ence of a mass in the left upper quadrant which was incised when the child was 
six weeks old The opeiative area continued to drain a w'atery fluid until 
laparotomy w^as performed at the age of six months At operation the cyst was 
lemoved from the stomach along wnth a small poition of the stomach wall 
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The wound healed well, and recovery from the cyst was apparently satisfactory 
The child died later of worm infestation and malaria 


CASE REPORT 

F I F (No 24675 — Columbia Hospital), age 27, was admitted to the Columbia 
Hospital October 9, 1947 He stated that he had been suffering abdominal discomfort 
for six months prior to admission Pam was not severe but consisted of a tugging 
sensation lust to the right of the umbilicus (at the top of an old right rectus incision 
for appendectomy) This tugging sensation had been present in some degree since 
appendectomy in 1942 but was more severe lately His discomfort was aggravated by 
activity A feeling of fullness in the stomach and slight nausea after eating were 
prominent, but other digestive disturbances were minimal At intervals since the onset 



Fig 2 — Illustrates position of cyst within stomach wall 
Portion of cyst imbedded in stomach wall is identified b}”^ dotted 
outline 


of symptoms he had run a low-grade fever All efforts to trace down the cause of 
this fever were fruitless He had lost 13 pounds since the onset of symptoms 
Family Histoiy Negative 

Past History Tonsillectomy in 1932 Appendectomy in 1942 for acute appendicitis 
Laboratory Examinations Total white and differential counts had been repeatedly 
normal Urinalysis w'as normal “Fever tests” and smears for plasmodia had been 
repeatedly negative Roentgen-ray examination revealed the presence of an obstruction 
in the region of the duodenum in the opinion of one radiologist Repeat roentgen-ray 
examination produced the following report (Fig i) 

Examination of the stomach, duodenum and esophagus demonstrates a pro- 
nounced prominence of the gastric and duodenal mucosal pattern with a slight 
diminution in peristaltic vigor No hernia or ulcer can be demonstrated The 
duodenal cap is flattened but its contour is not that of ulcerative disease Opinion 
Generalized hypertrophic gastroduodenitis of marked degree To be considered are 
the possibilities of lymphoblastoma and allied conditions ” 

Physical Bvammaiton Essentially negative except for slight tenderness just to the 
right of the umbilicus at the upper end of a lower right rectus incision 
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Operation On October lo, 1947, cvploiatory laparotomy was pei formed The 
ca\itj was entered through an upper midlmc incision Adhesions to the abdominal wall 
were absent 1 borough c\ploration was earned out, and no pathologic condition was 
detected c\ccpt at the lower end of the stomach At this point a cyst was found on the 
anterior aspect of the stomach near the pjlorus (Fig 2) Palpation of the pyloric end 
of the stomach re\calcd that the major portion of the cyst was buried deep in the gastric 
wall 01 was actualK intraluminal The c\st could not be emptied b> gentle compression 
ndema of tissues adjacent to the c\st c\idenccd a low'-grade inflammatory process A 
window was made into the stomach, and the c>st was found to be beneath the mucosa 
The portion of the cyst within the stomach wall was dissected out (Fig 3) This wound 
was closed with 0 chromic catgut reinforced with No 40 cotton The wniidow' into the 
stomach lumen was closed In the sanu method 



Fig 3 — Intact cyst after removal Four-fifths of larger portion of cyst 
was imbedded in the stomach wall 


Pathologic Report “Received an hourglass-shaped structure removed from the 
stomach wall It consisted of two cysts which connected one with the other One cyst 
was 5 cm m length and 3 /^ cm in diameter The other cyst was 634 cm in length 
and 4 cm in diameter The two cysts were tense with fluid material which could be 
pressed from one cyst to the other On gross sections, the walls appeared to he fibrous 
tissue m character, and the contents were yellowish m color, very thick and mucinous 
and sticky in character The inner walls were finely granular in appearance and 
yellowish in color 

“Microscopic sections of this tissue show that the walls of the cysts are made up of 
involuntary muscle fibers and fibrous connective tissue The cysts are poorly lined by a 
single layer of small, atrophic, deep-staining epithelial cells No inflammatory reaction 
IS seen in the tissue There is no evidence of any malignancy in the sections 

“It appears that this double cyst is an outpouching of a part of the stomach wall 
which has subsequently lost all direct communication with the stomach cavity 
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"Diagnosis Double (hourglass) cyst of the stomach ” 

Postopoative Cowse Uneventful except for the development of mild thrombo- 
phlebitis on the tenth postoperative day Follow up report of recent date reveals that 
he IS completely relieved of symptoms and considers himself entirely well 

Discussion 

1 The third recorded case of enterogenous cyst of the stomach is reported 

2 Unique features of this case are 

a The fact that he was 27 years old before his disease was discovered 
b Production of Ion -gi ade teinperatui e by inflainmator} reaction within 
the cyst 

c The presence of chronic interference with emptying of the stomach 
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Discussion — Dr Thomas D Sparrow, Charlotte N C In more than 9000 
pediatric admissions to the Chailotte Memorial Hospital during the past eight vears, ue 
have encountered two cases of reduplication of the intestinal tract One of these cases 
was a girl eight j'^ears of age She was admitted to mv service and presented such findings 
that I feel they are worth recording The child was brought to the hospital because one 
month previously, she had had a frank hemorrhage of bright blood from the bowel which 
clotted after passing The parents stated that since infancj'' she had complained of inter- 
mittent cramping pains about the umbilicus and on frequent occasions had passed blood m 
the stools At SIX months of age she vomited a considerable amount of blood and on one 
or two occasions, she coughed up bright red blood At that time two bronchoscopic 
studies were made It was thought that the bleeding was due to tuberculosis of the peri- 
bronchial glands, however, tuberculin tests ivere negative At I 3 J 4 months of age she 
vomited blood and blood was noted in the stools When three vears of age her weight 
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was 27 pounds, altliouqli slic was ancnuL and was passing taiiy stools At foui years of 
age, because of the pain in the abdomen, licr appendix was removed 

On admission to the hospital she appealed to be a peifectly noimal child of eight 
\cars of age Plnsical c\ammation was entirely normal and x-iay studies of the chest 
and intestinal tract weie 1101 nnl She was quite anemie and her stools definitely contained 
blood The Department of Pediatries was unable to find any definite cause for bleeding 
and a tentatne diagnosis of Meckel’s duerticulum wnth ulceration was made She was 
prepaied for operation bj gnmg her se\eral small tiansfusions 

Vt operation the teimmal ileum was found to be entiielv normal but, on exploration 
of the intestinal tract, a lednphcation of the jejunum was encountered It began about 10 
ccntimcteis along the jejunum At its distal end, the leduplication or diverticulum com- 
municated with the jejunum At its proximal end there w'as a huge, bulbus-like structure, 
buried between the folds of the mesentery The mesenteiic vessels could be seen crossing 
the reduplication before entering the jejunum Foity-eight centimeters of the jejunum, 
including the reduplication, was resected and a side-to-side anastomosis was performed 
The child made an unc\entful reco^cri and was allow'ed to leave the hospital on the 
ele\enth day (slides) 

The first slide shows the normal jejunal mucosa The second slide show's the mucosa 
of the 1 cduplication which closely resembles that of the stomach In the bulblike 
structure of the proximal end of the reduplication tbeie was an ulcer, w'hich w'as the 
source of the hemorrhage and which closely resembled the ordinary peptic ulcer 

Gross has described the symptoms produced by these lesions undei three headings 
Obstruction of the ahmentarj canal b> regional external pressure, pain produced by 
distention of the cj stic mass , and hemorrhage caused by interference w'lth the intestinal 
blood supplj, leading to sloughing of the intestinal mucosa We believe the pain and 
hemorrhage in the cases seen in our hospital w’ere probably due to ulceration of the 
gastnc-like mucosa The symptoms may be indistinguishable from those of Meckel’s 
diverticulum with ulceration and hemorrhage In those cases diagnosed as Meckel’s 
diverticulum in which the lesion is not found, a thorough investigation of the intestinal 
tract should be made in search for a possible duplication 


831 



THE MANAGEMENT OF PATIENTS WITH BLEEDING FROM THE 
UPPER GASTRO-INTESTINAL TRACT WITH BUFFER 
AND THROMBIN SOLUTION* 

Byrne M Daly, M D , Charles G Johnston, M D 
AND Grover C Penberthy, M D 
Dethoit, Michioax 

FROM THE DEPARTMENT OF SURGFRY DETROIT RECEIVING HOSPITAL 
AND THE A\A\NE UNIVERSITY COLLEGF OF MEDICINE 

In recent years the concept with regard to treatment of bleeding from 
the upper gastro-intestinal tract has changed Fortunately, within the past 15 
years, progress has been made which has led us away from the old idea of 
starvation and heavy sedation m these cases The contributions of Andresen^ 
and Muelengracht^ were an advance over the watchful-waiting method of 
dealing with bleeding peptic ulcers m that some nutrition and materials were 
supplied to counteract the ill effects of the acid of the stomach, but development 
of operative methods for stopping hemorrhage was not stimulated Within the 
past ten >ears there has been a tendency on the part of surgeons to consider 
the importance of control of hemorrhage rather than to wait for the hemor- 
rhage to stop because of lessened blood volume and the resulting decrease in 
blood pressure 

In instances m which the hemorrhage from an ulcer was not great and 
the patient was in good condition, the Andresen or Muelengracht type of 
treatment was successful Once the hemorrhage stopped and an adequate 
thrombus was formed in the bleeding vessel, repeated small feedings and rest 
in bed were usually sufficient to decrease the acid and to permit healing to 
take place In cases in which the bleeding wrs vigorous or the patient was 
unable to withstand the resulting hemorrhage, death occurred All too often 
if surgical intervention was resorted to, it was carried out upon patients who 
had become exsanguinated through continuous bleeding for several days or, 
what in general appeared to be worse, through repeated severe hemorrhages 
The surgical mortality under these conditions could not be expected to be low' ^ 
The experiences undergone during World War II revealed that a patient 
could stand fairly massive acute hemorrhage if sufficient quantities of blood 
were replaced immediately There were those who thought that if a patient 
was bleeding excessively, the most direct and efficacious method of handling 
the problem was to ligate the bleeding vessel This has alw ays been a primary 
principle in the control of hemorrhage — to ligate the bleeding vessel or stop the 
hemorrhage by pressure, especially if the bleeding is from a surface w'ound 

The only difficulty encountered in bleeding from the gastro-intestinal tract 
IS lack of accessibility to the bleeding area Since principles are very much the 
same regardless of the site of bleeding, many surgeons believe the best 
approach to the problem of a patient bleeding from the upper intestinal tract 

** Read before the Southern Surgical Association, White Sulphur Springs, W Va , 
December 9 > 1948 
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IS a direct and caih one With adequate blood available foi leplacement 
duiing the opciatue piocednie a snflicicnt maigin of safe!} is altoided to 
permit the singcon not onl} to stop Ibc bleeding but in man} instances to 
earn out dcfinitue tieatnicnt loi the peptic nlcei Two deteiients exist to 
prexent wide acceptance of the dictum that all bleeding peptic nlcei s requiie 
immediate snigical intenention One of these is that in the majority of cases 
the bleeding stops sponlaneoush , the otbei is that it is not always possible 
to localize the site of the bleeding oi to deteimine accurately its cause oi 
Its extent 

From a ie\ lew of the bteiature'^’ ® i elating to the treatment of bleed- 
mg peptic ulceis, sexeral impoitant points have been stiessed In the older age 
group the mortaliU from bleeding from the uppei gastio-intestinal tract is 
more seiious than in younger indiMduals Tins is as might be expected Many 
have related this increased mortality to specific reasons, such as the changes 
incident to age in the blood-vessel wall A much more plausible explanation 
w ould take mam more of the factoi s of age into account Some authors have 
been inclined to the xiew that patients over 40 should have operative intei- 
xention for bleeding from the upper intestinal tiact, while others feel that the 
lower limit for surgical intervention is the age of 50 It is readily seen from a 
stud} of an} large senes that mortality ma} result from bleeding peptic ulcer 
m any age group 

This would lead us to the belief that more important criteria are the 
ability of the patient to withstand hemorihage and the amount of hemorrhage 
that is present It seems obvious to us that no sharp dividing line can be diaw'ii, 
and that the patient must be considered individually 

One other fact that seems clear to us is that patients who have repeated 
massive hemorrhages do poorh as compared wuth those having a single episode 
of bleeding From our own experience we find that long-continued bleeding 
likewise adds a hazard for the patient In the case either of long-continued 
bleeding or repeated hemonhages, surgical intervention is quite likely to be 
resorted to, and in these individuals surgery is more hazardous than in those 
who suffer from a single massive hemorrhage 

Of the cases of upper gastro-intestinal bleeding reported in the literature, 
duodenal and gastric ulcers ai e the commonest causes Bleeding from esopha- 
geal varices, gastric malignancy or other causes foim only a small percentage 
of the total number 

It IS difficult to obtain reliable information for most of the series reported 
in regard to the amount of blood lost Some have attempted to determine this 
on the basis of hemoglobin determination or red-cell count In cases in wdiich 
blood transfusions are not given, the hemoglobin level, especially if knowm 
before bleeding occurred, selves as a rough index but is not a reliable means of 
determining the amount of blood a patient has lost 

About three years ago we w^ere confronted wnth a serious problem m 
relation to a patient who had had bleeding almost continuously for four days 
He had been supported during this interval by blood transfusions which w^ere 
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inadequate to maintain his hemoglobin above a level of 6 7 Gm per 100 cc 
The patient was not in very good general condition, the problem of anesthesia 
seemed hazardous, and because of his size and build, operation appeared 
difficult Under the conditions presented, operative intervention seemed to us 
to be an almost hopeless gesture Since one of our number was working on a 
fundamental problem relating to thrombin and the bleeding seemed not too 
vigorous, It appeared worth while to attempt to stop the hemorrhage by the 
use of topical thrombin It was obvious that if the thrombin were to 

work it would be necessaiy to neutralize the hydrochloric acid m the stomach, 
and for this purpose copious amounts of phosphate buffer were used The 
bleeding stopped promptly and the patient responded immediately to blood 
transfusions and made an uneventful recovery 

Since that time we have used thrombin and buffer in over 100 cases of 
bleeding from the upper gastro-intestinal tract Variations in the use of this 
method have been employed In the first 64 cases the buffer and thrombin 
were administered by mouth or inserted in the stomach through a Levin tube 
In the first group of cases, attempts w'ere made to stop the hemorrhage without 
other considerations It soon became obvious to us that the method could be 
used not only to stop the hemorrhage but also to determine whether or not 
the hemorrhage was controlled With the tube in the stomach and with gentle 
suction applied, it w'as possible to tell w'hether bleeding w^as continuing, for we 
noted in the cases in wdnch the bleeding had stopped that the material aspir- 
ated from the stomach contained very fine, browm granules of clotted blood, 
whereas m the case of continued bleeding, large, loose clots having a different 
coloi and texture w'ere noted, and in some instances fresh blood was removed 
from the suction tube 

The method which we have found most effective m the management of 
hemorrhage from the upper gastro-mtestinal tract is as follows A Levin tube 
IS passed through the nose into the patient’s stomach The stomach is then 
w^ashed wuth buffer solution or saline, and followung this, 50 cc of seventh- 
molar phosphate buffer* is introduced into the stomach This is allow’ed to 
remain for five minutes An additional 50 cc of phosphate buffer is introduced, 
and with it 10,000 units of topical thrombin f The tube is then clamped for 
a half hour During this period blood studies are made, and if the patient 
appears to be suffering from serious blood loss, a transfusion is given After 
30 minutes the clamp is removed from the Levin tube and slow', gentle suction 
IS applied For this purpose w^e have utilized a pump with a valve mechanism 
which permits of low suction, not to exceed a foot of water The material 
removed from the suction tube is observed through the glass connector If the 
bleeding has stopped, the matei lal removed usually appears finely granular and 

* 20 4 Gm of di-sodtum phosphate in a liter of water 
I 95 Gm of di-hydrogen potassium phosphate in 100 cc of water 
These are then mixed, producing i too cc of seventh-molar of phosphate buffer, 
pH of 76 

t The thrombin for this study was kindly supplied bv Parke-Davis & Companj 
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light-colored , if bleeding is continuing, fresh, blood-stained material can be 
seen in the tube If there is no further evidence of bleeding from the stomach, 
50 cc. of buffei solution is introduced every half-hour, allowed to remain a 
half-hour and then aspirated The buffer may be applied by slow drip This 
process is carried on for several da}S In cases in which bleeding continues, 
the process is repeated If, howevei, the bleeding appears to be uncontrolled 
by thrombin administration, other measures for controlling hemorrhage are 
resorted to 


Table I — Cause of Bleeding 


Controlled, Recurred 



Con- 

trolled 

Then Controlled by 
Thrombin Operation 

Not 

Con- 

trolled 

Not 

Con- 

trolled 

Died 

from 

Bleeding 

Duoden'U ulcer 

36 

4 




Peptic ulcer — site unLnow n 

IS 


1 


1 

Bleeding — site unknown 

7 


1 


1 

Gastric ulcer 

6 

3 




Esophageal varices 

7 


2 

1 

3 

Malignancy 

4 





Miscellaneous 

12 

1 




Total 

87 

3 S 

4 

1 

5 


There is a question which cannot always be answered relating to whether 
the bleeding is coming from an ulcer of the stomach or duodenum, or whether it 
IS due to esophageal varices More recently, m cases of doubt, we have utilized 
the technic developed by Patton,^- which we have found will effectively control 
bleeding from esophageal varices and at the same time permit us to tell 
whether the bleeding is from the esophagus or below In rare instances it has 
been possible for us to determine that the bleeding was from esophageal varices 
because the patient vomited blood at the instant that clear material was coming 
from the stomach through the Levin tube 

We have analyzed the data from the first 100 cases in which thrombin and 
buffer \\ ere used The data were collected at the time the patient was m the 
hospital as it was recognized that the use of this material was on an experi- 
mental basis There was no attempt to select cases All cases in which there 
was more than minimal bleeding from the upper gastro-intestinal tract weie 
studied Cases m which there was evidence of peptic ulcer on the basis of 
history but m which there was no localization of the site of the ulcer either by 
roentgen-ray or operative findings, were classified as peptic ulcer Only those 
cases in which there was proof of the site of the ulcer were classed as duodenal 
or gastric ulcers In the case of bleeding from esophageal varices, we required 
fairly reliable proof before classifying them as such Such proof consisted of 
demonstration of the varices by roentgenogram, esophagoscopy, postmortem 
examination or the presence of cirrhosis of the liver wuthout evidence of the 
presence of ulcer Cases in which we could not be reasonably sure of the 
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souice of the bleeding during the patients.’ stay in the hospital were classified 
as “site unknown ” A miscellaneous group of cases in which the source was 
leasonably certain w^ere as follows hemorrhagic gastritis 6, retroperitoneal 
sarcoma i, congenital short esophagus i, hemorrhage from gastric suture 
line 2 , gunshot wound postoperative r chemical gastritis i, pseudodiverticulum 
of duodenum i Table I indicates the distribution of the cases as to diagnosis 
Eighty-seven were conti oiled by the use of thrombin buffer alone In eight 
additional cases the hemorrhage was controlled by the use of thrombin buffer 
but It recurred In three of these eight cases it w'as possible adequately to control 
hemorrhage again by the use of buffer, but in five it was felt that operation 
w'as a more effective means of controlling the hemorrhage There were four 
cases m which bleeding lecuired after having been controlled wnth thrombin 
and further treatment was mefiectne These patients were not operated upon, 
and the hemorrhage was not controlled One other case died from massive 
hemorihage in which the bleeding was at no time controlled 


TvHLr II- 

—100 Casa 

Tteafcd iviih 

Thrombin and Buffci 


Hemoglobm 

Levels 

Stopped 

Stopped 

Recurred 

Then 

Controlled 

Stopped 

Recurred 

Not Controlled 
W'lth Tlirombm 

Not 

Controlled 
at All 

l-t R\ 

Multiple R\ 

0-2 

1 

I 




2-4 



I 



4 6 

7 

6 


2 

2 

6-8 

13 

6 


2 

I 

8 10 

21 

10 

1 



10-12 

8 

1 




12 and abo\e 

6 

7 

I 

3 


Total 

56 

31 

3 

7 

3 


An attempt was made to obtain information relative to the amount of bleed- 
ing It w'as not possilile to determine the amount of bleeding Iw measurement 
of the vomitus because m many instances blood w'as lost into the lower 
gastro-mtestmal tiact, the vomitus was mixed with food and gastric juice 
and, in most instances, blood had been lost before the patients were seen by 
us It IS well known that a study of hemoglobin levels is an unreliable meas- 
urement ot the amount of blood lost, not onlj'’ because of the factor of con- 
centration but also because it is quite impossible to determine in these cases 
what the level of the hemoglobin was before the bleeding started In addition, 
it w’^as not ahvajs feasible to obtain hemoglobin determinations before trans- 
fusion was given since it is customary m our hospital to begin transfusion on 
exsanguinated patients as soon as they arrive in the emergency ward The 
majorify of the hemoglobin levels were made in these cases after one or more 
transfusions had been given So far as the hemoglobin determinations are 
concerned, the majorit} of these patients give no indication of the actual 
amount of blood lost The data are presented as the only means at hand 
other than clinical evaluation for estimatinsr the amount of blood lost o 
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iccogni7e lliat this is a \ei\ lough estimate and in most instances, the hemo- 
globin le\els wcie higher than the clinical appeal ance of the patient indicated 
As can be seen fioni Table II, the hemoglobin levels gave no indication as to 
vhethei or not it voiild be possible to stop the hemonhage by one oi multiple 
doses of thiombm or vhelhei the thrombin would be entiiely ineffective One 
might expect that the greatest number of deaths w'ould occur m those patients 
who piesenled the lowest initial hemogloinn le\els Yet two of the patients 
whose initial hemoglobin le\els weie too low to be detei mined survived, while 
another with a hemoglobin of 13 continued bleeding and died The hemoglobin 
le\els in the table represent initial detei minations The data do not represent 
the low’est hemoglobin le\els obtained fiom the patient, nor do they indicate the 
amount of hemoglobin available to the patient just befoie death 

Table III illustiates the ages of our cases — foi the most pait, in terms of 
decades While we lecogni/e the fact that the senes is small, it is wmrthy of 
note that there is appi oximatel) the same incidence of deaths from hemorrhage 


Tarit III — iqc Inctdaio' G / Ttact Hciiioi iliaffc- 

-100 Cases 



■> 20 

30 40 

50 

60 

70 

81 


6 to to 

to to 

to 

to 

to 

to 


\ge Incidence Months 20 30 

40 50 

do 

70 

80 



1 0 3 

18 31 

26 

14 

6 

1 


Dentil from hernorrh ige 

2 


2 

1 



Dentil from otlier t (ii'ts (7) 

1 1 

3 

1 

1 



Totnl deaths (12) 

3 1 

3 

3 

2 



80 W^hitc 

88 Male 






14 Negro 

12 Temnle 







in the 30 to 40 age group as is found in the 60 to 70 There w'^ere no deaths 
from hemorrhage in the age group 40 to 60 We are quite certain that the five 
cases listed as deaths from hemorrhage occurred from loss of blood In 
patients w^ho died from other causes, loss of blood played a minor role, if it 
contributed at all One patient died following a gasti ectomy performed several 
weeks after he had recovered from his bleeding episode The gastrectomy w'as 
performed to cure his ulcer, and the patient died m cardiovascular collapse 
wnth a hemoglobin of 13 and without evidence of postoperative hemorrhage 
One patient died from severe diffuse peritonitis, another from duodenal fistula 
and another death w^as due to seveie uremia unassociated with the bleedm" 
period One patient had severe diabetes mellitus and cirrhosis of the liver 
another had widespread metastases of carcinoma m the liver and died from 
pneumonia, w'hile another died in delirium tremens In none of these seven 
cases did any fresh hemorrhage precede death 

Despite the fact that the population of our hospital is predominantly Negro, 
the majority of patients wdio suffered from bleeding of the upper gastro- 
intestinal tract w'ere wdnte, there w'ere 86 w'hite people in this series and 14 
colored Eighty-eight of the patients were males, while 12 w^ere females 
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DISCUSSION 

Despite the fact that this method was being developed during this study of 
loo consecutive cases of upper gastro-intestinal bleeding, the data indicate that 
the method is a valuable adjunct in the treatment of upper gastro-mtestinal 
hemorrhage 

While the data suggest that thrombin and buffer is useful in controlling 
hemorrhage from the upper gastro-mtestinal tract, our experience leads us to 
the conclusion that it should not be considered as a sole form of therapy In 
many cases this treatment is meffectn e for stopping bleeding and in such cases 
early operative intervention is necessary 

The procedure is important as an aid m differentiating those patients in 
whom the hemorrhage is controlled from those who require surgical interven- 
tion to stop the hemorrhage The use of the method in conjunction with the 
Patton tube has been useful m determining whether a patient is bleeding from 
the esophagus or from below the cardia of the stomach 
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Discussion —Du B\rne M Daly, Detroit I would like to thank the Association 
for the privilege of participating m this meeting We are often asked concerning prepara- 
tion of the buffer solution This solution is made by dissolving 20 4 Gm of disodium 
phosphate in a liter of water, and i 95 Gm dihydrogen potassium phosphate in 100 cc of 
water It is done m this manner because of solubility They are mixed, producing 1100 cc 
pf seventh molar phosphate buffer with a pH of 7 6 We prefer to use this buffer 
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because of its a\ailabilit3, non-to\icity and the fact tliat it is a clear solution enabling us 
to eialuatc when bleeding has stopped Other substances may be used such as sweet 
milk, soda bicarbonate and the coninierciai antiacids, but w'e have found that the buffer is 
more effccti\c (slides) 

In determining the effect upon patients we have studied 35 hospitalized patients This 
slide represents what w'e consider between the best and poorest results in this study We 
first aspirated the contents to determine the pH b\ the Beckman glass electrode and in this 
ease it was just a little abo\e 2 At this point 30 cc of buffer w'ere given and five 
minutes later the pH was determined, eou can sec the marked rise At this point about 
180 units of topical thiombin was admimsteicd in 30 cc of buffer and the pH and the 
units of thrombin were determined at fi\e minute intcreals, with results as seen 

Our treatment, as mentioned in the paper, varies somew'hat Our latest addition, 
which we hope will decrease mortality even more, is the addition of a Patton tube This 
tube, as Aou see, is appro\iniatcly 3 feet in length It has thice air vents, tw’o of which are 
utilized , one air vent goes dirccth to the first balloon, the second goes to the larger one, 
and tliere is a complete lumen through the tube wdiich allow's aspiration of the stomach 
In cases of suspected esophageal vat ices the tube is placed through the nose dowm into 
the stomach and the first balloon is dilated The balloon is then pulled back against the 
cardia of the stomach and the second balloon is inflated, which wull be in the esophagus, 
and we can tell whether tins is adequately placed by appljing traction, if the first balloon 
IS not steadj the tube will be pulled back If it is firmly fixed the tube is taped at the 
nares If bleeding stops after inflation it can be assumed to be from esophageal varices 
If aspiration shows continued blood loss, the source can be suspected to be below the 
esophagus, and thrombin treatment instituted 

We feel that this addition to treatment w'lll enable us to cut down the mortality in 
our next 100 cases 
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AN APPRAISAL OF PANCREATODUODENAL RESECTION 
A FOLLOW-UP STUDY OF 61 CASES* 

Righa-RD B Catxell, M D 

AND 

Ludwig J Pybtek, M D f 

FROM THE DCPVRTMENT OF SURGER% THE lAHEY CLINIC BOSTON, MASS 

The operation of pancreatoduodenal resection has been performed for 
13 years, since it was first leported by Whipple^ and associates m 1935 Large 
numbers of patients have been operated on during this period Their course 
has been followed for a sufficient time to permit evaluation of the procedure 
i\hen employed for carcinoma of the head of the pancreas, carcinoma of the 
ampulla, carcinoma ot the duodenum and carcinoma of the loner end of the 
common bile duct The operation as described by Whipple was the first attempt 
to apply the general principles of radical cancer surgery to these serious and 
1 elatively inaccessible lesions A few large senes of cases have been reported b> 
Whipple,- Orr,^ Waugh and Clagett,'* Waugh,'' Bartlett® and Cattell ' 

In the six-year period fiom August 1942 to August 1948, 165 patients with 
carcinoma in the region of the head of the pancreas were observed at the 
Lahey Clinic, and on 56 of these a pancreatoduodenal resection was performed 
During this time five additional patients had pancreatoduodenal resections for 
benign disease, giving a total expeiience for pancreatoduodenal resection of 61 
cases Careful follo\N -up studies have been made on every one of the resected 
cases 

Basing our data on a review of this experience, w e have attempted to answ er 
ceitam logical questions that have arisen, which can be stated as follows (i) 
What patients are suitable foi resection^ (2) Should a one-stage or a two- 
stage operation be employed’ (3) Is it essential to anastomose the pancreatic 
duct’ (4) Can carcinoma of the ampulla l)e cured’ (3) Is it worth wdiile 
to resect caicmoma originating in the head of the panel eas’ (6) Can a reason- 
able opeiative mortality be obtained’ (7) Does pancreatoduodenal resection 
offei sufficient palliation 111 extensive cases to be w'orth while’ 

Too few' senes of cases have been followed for the generall}' accepted period 
of five years to judge cm ability on tins basis In our own senes, only 12 pa- 
tients were operated on more than fiA'e years ago Oir,® in 1945? collected 103 
cases from the liteiature including it personal cases, and of this group found 
that no patient survnecl over three 3 ears Waugh,’ in reporting a follow-up 
stud}' of 30 cases in w Inch opeiation w'as pei fonned at the Mayo Clinic repoi ted 
that one patient who had had a carcinoma of the ampulla survived for three 
3'eais Bartlett® lepoited 23 cases from the Massachusetts General Hospital 
and found one smvival of five 3 ears 

Read before the Southern Surgical Association, White Sulphur Springs, W '\'’a . 
December 9, 1948 

t Trainee, National Cancer Institute ^ 
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Fiom August 1942 to August 1948 at the Lahey Clinic, 165 patients with 
carcinoma of the head of the panci eas, ampulla of V ater, duodenum and lower 
end of the common bile duct were tieated (Table I) Fifty-six patients were 
submitted to pancreatoduodenal lesections, an operability rate of 34 per cent 
During this time two additional patients with carcinoma arising in a hypei- 
functioning pancreatic adenoma w ere submitted to local resection These tw'O 
patients have previously been repotted on by Allan and Marshall® Most of 
the remaining patients had exploiatoiy laparotomies and palliative procedures 
such as cholec} stjejunostoim 


Tahii: I — Panci cafoduodcnal Rejection — Opciabihtv 

(1942-1948) 

Patients with carcinoma 

16S 

Pancreatoduodenal resections 

■id (34%) 

Local resections 

2 


Fift}-six cases of pancreatoduodenal resection for caicinoma were divided 
according to the location of the lesions (Table 11 ) In 20 the lesion arose in the 
ampulla In two the lower end of the common duct w^s the primary site, while 
four had a primary lesion of the duodenal mucosa near or about the ampulla of 
Vater A somewdiat larger number, 30, apparently arose in the head of the 
pancreas, usually thought to be in the duct of Wirsung In this latter group the 
process was frequently diffuse, making the point of origin impossible to detei- 
mine Three patients are submitted to pancreatoduodenal lesection with an 
operative diagnosis of carcinoma of the head of the pancreas , in these the lesion 
w as found to be benign These patients w'ere excluded from the group of 56 
operated on for carcinoma and included in the five operated on for benign 
disease The other tw'o w'ere operated on w’lth the diagnosis of benign disease 


Table II — Panci catoduodenal Resection- 

-Pathology 


Carcinoma of ampulla 

20 


Carcinoma of head of pancreas 

30 


Carcinoma of duodenum 

4 


Carcinoma of common duct 

2 


Total 

56 



Among the patients submitted to resection w ere both favoi able and unfavor- 
able cases Paiticularly in our earlier experience, some extensive carcinomas 
of the head of the pancreas w^ere included in wdiich it w^as knowm at the conclu- 
sion of the operation that all the malignancy w as not excised These included 
patients with involvement of the superior mesenteric vessels, invasion of the 
portal vein and retroperitoneal extension Regional node involvement, likewuse, 
was frequently demonstrated, particularly at the inferior angle of the common 
bile duct and the duodenum, as w ell as those nodes superior to the duodenum in 
the gastrohepatic omentum Our experience with these cases of more extensive 
malignant disease has been unsatisfactorj'^ and led us to discontinue resection m 
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these unfavorable cases It is now our opinion that when local invasion or 
metastases to lymph nodes are present, operation should not be advised 

The operation of pancreatoduodenal resection may be done m one or two 
stages Whipple,^’ in his extensive experience, began with a two-stage 
operation and now feels that the one-stage operation can be done Trimble,” 
Orr,® Waugh® and Brunschwig^^ likewise favor the one-stage operation In 
our experience with 6i pancreatoduodenal resections (Table III), at the Lahey 
Clinic, 25, or 40 per cent, w'ere done m one stage This includes all five resec- 
tions for benign lesions Thirty-six patients, or 60 per cent, were operated on 
by a two-stage operation, 10 of these having had their first stage done else- 
where The first-stage operation wdiich w'e recommend is a cholecyst- 
jej unostomy utilizing a long antecohc loop of jejunum The second stage is 


Table III — Pancreatoduodenal Resection — Operation 

One stage operation (including S benign) 25 (40%) 4 deaths 
Two stage operation* 36 (60%) 5 deaths 

Total 61 

* 10 patients had first stage done elsewhere 




delayed for from two to three weeks, during which time the condition of the 
patient greatly improves In our experience, this procedure does not add appre- 
ciably to the technical difficulties of the resection W e believe that the employ- 
ment of the two-stage operation has enabled us to extend the operation to pa- 
tients who would not otherwise be suitable risks for such a major procedure 
Furthermore, it permits surgeons who do not choose to carry out the radical 
procedure to perform a first-stage operation at the time of their exploration 
From our own experience, w'e believe that the employment of the two-stage 
operation has been the most important factor in maintaining a low' mortality 
The two-stage operation is employed in patients with long-standing jaun- 
dice, in those with marked enlargement of the liver and in the group represent- 
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ing the poorest surgical risks If tlie gallbladder has previously been removed 
or is unsuitable for the anastomosis, choledochostomy is satisfactory for a first 
stage It adds considerably to the technical difficulty of the resection, but may 
be the wise procedure 

The technic of operation \\ill not be presented in this paper The operation 
that we usually employ has recently been presented The one-stage operation 
which ve prefei has all anastomoses in an antecohc position and they consist of 



Fig 3 


end-to-end gastrojejunostomy, entero-enterostomy, pancreatojej unostomy and 
choledochojej unostomy (Fig ih) The entero-enterostomy may be avoided by 
implantation of the stomach distal to the pancreatic and biliary anastomoses and 
then become an end-to-side gastrojejunostomy (Fig i a) In the two-stage 
operation, the common duct is turned in (Fig 2 a and h) or if its division is 
close to the entrance to the cj’^stic duct, it is implanted in the jejunum beside the 
cholecystjej unostomy Anastomosis of the end of the jejunum to the common 
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duct with implantation of the panel eas and stomach below the biliary anas- 
tomosis, as employed by Whipple and Waugh, has been utilized (Fig 3 d) 
This may be reversed so that the end of the jejunum is joined to the pancreas 
(Fig 3«) 

The operative mortalit’\ follow mg panel eatoduodenal resection has varied 
m the reported sei les from 1 1 to 45 per cent In the 56 1 esections dor carcinoma 
in our series, there were eight deaths, a mortality of 14 3 per cent In addition 
to this, there w’ere five resections for benign disease, with one death, or 20 
pel cent This one death occuried in a patient who was operated on with 
the mistaken diagnosis of malignant disease In Table IV the operative deaths 
are recorded, based on the site of the lesion Of the nine patients who were 
submitted to resection for caicinoma of the ampulla in one stage, there were 


Tadcf — Pane) catoduodenai Rcscciwn — Operative Moitahiy 



Cases 

Deaths Per Cent 


1 stage carcinoma ampulla 

9 

0 



2 stage carcinoma ampulla 

11 

1 




20 

1 

5 0 


1 stage head of pancreas 

9 

3 



2 stage head of pancreas 

21 

2 




to 

S 

16 7 


1 stage carcinoma duodenum 

1 

0 



2 stage carcinoma duodenum 

3 

2 



1 stage carcinoma common duct 

1 

0 



2 stage carcinoma common duct 

1 

0 



Total 

56 

8 

14 3 


no deathij Eleven had a tw'O-stage operation, w ith one death In the total series 
of 20 patients with carcinoma of the ampulla, there w’as one death or a 5 per 
cent mortality It must be 1 emembered that these are the most fav'orable lesions 

There w^ere nine patients with carcinoma of the head of the pancreas wdio 
had resection in one stage with thiee deaths, and 21 were done m tw'o stages 
with two deaths, a total of 30 wnth five deaths, or a mortality rate of 167 pc' 
cent Four patients vMth carcinoma of the duodenum had resection, with two 
deaths These occuired in the three patients submitted to a twm-stage operation 
A one- and a twm-stage opeiation were each done for carcinoma of the common 
duct, without a fatality 

In the Intel pretation of these results it should be appreciated that the pa- 
tients wdio were the most seiious risks, those wuth the greatest interference 
with liver function, w'ere operated on in tw'o stages We feel that this mortality 
rate of 14 3 per cent for malignant disease, 14 8 per cent including benign dis- 
ease, IS evidence in favoi of a twm-stage operation for the deeply jaundiced 
individual 
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The Cciuscs of death in fatal cases ate seen in Table V Fatal gastio- 
intestinal hcinoiihage occinied m two d'he site of bleeding could not be 
determined Genet ab/ed jiciitonitis was found m two patients In one the 
panel eatic anastomosis bad sejiaiatcd In tins patient, metastases weie found m 
the retiopentoneal legion and also m the lungs One patient died of surgical 
shock with possible transfusion icaction , tins was the patient wFo bad lesection 
with a mistaken diagnosis ot cancel One of the patients early m the series 
died as a lesnlt of sepsis w itb In ei abscess occuri mg nine w eeks after operation 


T \iii t V — Pauci cat oduodma! Resection — Fatal Coses 


Gaslro mtcstiii'il hemorrli igc 

2 

Peritonitis 

2 

I i\ er nhsccbb 

1 

Shocl^ 

1 

Hepatorenal s> ndrome 

1 

Cerebral tliromboMs 

1 

Coronars thrombobis 

1 


Death followed one-stage lesection m a case wntb an hepatorenal syndrome 
and associated renal suppression The cause of death m another w^as cerebral 
thrombosis m a poor-risk patient wnth arteriosclerotic heait disease and hyper- 
tension Coronar} insufficiency and thrombosis caused death during operation 
111 a 77-year-old man w ith a favorable lesion of his ampulla 

The duration of life follow mg the onset of cancer m the region of the head 
of the pancreas is quite short In an earlier report, we found in 56 consecu- 
tive patients who w^ere operated on prior to 1935, m whom cholecyst- 
jejunostomy was perfoimed, that 75 per cent were dead wuthm six months of 


Tablc VI — Panel calodnodcital Resection — Fwc-vear Survival, 1942-1943 

1942 2 1* 6 years 2 months 

1943 10 2* S years , 7 months 

Recurrent Cases 

lived 4 years, 7 months 

lived 3 years 4 months 

lived 3 years 2 months 

S0% (6) lived 3 years or more 
25% (3) living and well 
* Carcinoma of ampulla 


1 (carcinoid) 
i* 

I* 


the operation A review of our patients submitted to pancreatoduodenal resec- 
tion definitely demonstrates that life can be piolonged wffien the operation is 
performed m suitable cases and that some patients ma> be cured Only a small 
group in this senes was available for a five-year follow^-up stud}^ During 1942, 
two resections were done, and during 1943. 10 resections were performed, 
making a total of 12 patients whose course has been follow^ed for five years 
One patient with carcinoma of the ampulla is living and well aftei six years 
and two months, the second is in good condition for five years and seven 
months, and a third, five years and five months after operation All had adeno- 
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carcinoma of the ampulla of Vater without extension Of the patients who had 
recurrent disease and subsequently died, one who had carcinoid of the ampulla 
lived four years and seven months and two others with carcinoma of the 
ampulla without metastases lived three years and four months and three years 
and two months, respectively Thus, in this small series of 12 cases, three, or 
25 per cent, of those submitted to resection five years or more ago are living 
and well, while six, or 50 per cent, lived three years or more 

It seems worth while to report the three-year survival rate m our senes 
For the years 1942 to 1945, 27 of tire 56 patients had resections Of these, 
eight, or 30 per cent of the group, lived three years or more The two patients 
with carcinoma of the duodenum surviving resection lived two years and eight 
months respectively The two with carcinoma of the common duct, lived three 
years and five months and one year and nine months, respectively 

There were 30 patients with carcinoma of the head of the pancreas sub- 
mitted to resection, with five fatalities This left 25 patients, all of whom have 


Table VII — Pancreatoduodenal ResecUon- 

-Threc-ycar Survival, 1942-1945 

1942 

2 

1 

1943 

9 

5 

1944 

6 

0 

1945 

10 

2 

1942-1945 

27 

8 (30%) 


had follow-up studies Eighteen were found to be dead of recurrence, with an 
average duration of life of 1 1 months after resection The longest duration of 
life was 19 months Seven patients are still living, as follows three years and 
seven months, two years and three months, one year and three months, one 
year, and three patients have been followed for less than one year 

This relatively short survival time after pancreatoduodenal resection for 
carcinoma of the head of the pancreas is the most discouraging finding in all of 
our experience with these cases It is a similar observation to that of the other 
recorded series It must be admitted that no patient with carcinoma of the 
head of the pancreas has yet been cured or survived five years or more While 
many of these patients have a smooth recoveiy'^ and are quite comfortable for 
a number of months, the duration of their life following resection hardly jus- 
tifies such a major procedure since satisfactory palliation might have been 
procured by a sidetracking operation, such as cholecystjejunostomy, for the 
relief of obstructive jaundice In the light of our present experience, we must 
modify the operative procedure or abandon radical surgery for carcinoma of 
the head of the pancreas We have observed rapid peritoneal dissemination 
with carcinomatosis in patients in whom the line of resection passed through 
malignant tissue, and it is quite possible that in some unfavoi^le cases w^e 
have hastened death rather than delayed it We can certainly assume that 
resection for extensive cases of carcinoma of the head of the pancreas or those 
with local direct extension or regional metastases should no longer be consid- 
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ered for resection Even with appareiitl}' veiy favorable lesions confined to 
the duct of Wirsung, we have seen iccurience as early as nine months An 
isolated obseivation by Cole’^* may explain early recurrence wuth favorable 
lesions He found malignant cells free in the obstructed duct of Wirsung and 
It IS possible that disseiiiination of cancer occurs by cutting across the 
duct, wuth the escape of pancieatic fluid Befoie discontinuing radical pan- 
createctomy for carcinoma of the head of the pancreas in favorable cases, we 
wish to suggest the emplo} ment of total pancreatectomy m wdiich this possible 
complication could be a^ oided It has not yet been employed under these cir- 
cumstances in our clinic According to our piesent understanding of this 
problem, the employment of total pancreatectomy m early carcinoma of the 
head of the pancreas offers the only chance of a possible improvement of tliese 
results 

We have undertaken a suivey of the nonfatal complications as well as 
physiologic studies on patients after resection but these will not be reported in 
this paper An excellent stud} of lo cases has been recently reported by 
Wollaeger^® and others 

From our expeiiences wutli 6i pancreatoduodenal resections, including 56 
for carcinoma, and five for benign disease, the following points have been 
answ ered ( i ) The operation is technically feasible as it has been developed 
(2) With proper selection of cases and the employment of a tw^o-stage opera- 
tion in selected cases, tlie operative mortality can be maintained at a reasonable 
level, one similar to that for other gastro-intestinal cancers (3) Physio- 
logic functions so far as the gastro-intestinal tract and pancreatic and liver 
function are concerned can be established and maintained (4) Carcinoma of 
the ampulla can be cured in an appreciable number of cases (5) Pancreato- 
duodenal resection should be confined to favorable lesions (6) Carcinoma of 
the head of the pancreas has not yet been cured (7) The operation of pan- 
creatoduodenal resection as now employed is suitable for carcinoma of the 
ampulla Pancreatoduodenal resection for carcinoma of the head must be 
modified or discarded 


CONCI.TJS10NS 

A series of 61 pancreatoduodenal resections perfoimed at the Lahey Clinic 
has been reported Fifty-six w^ere employed for carcinoma m the region of 
the pancreatoduodenal area and five w'ere performed for benign disease 

Twenty patients with carcinoma of the ampulla were operated on, with 
one death, a 5 per cent mortality Thirty patients with carcinoma of the head 
of the pancreas had resections, with five deaths, a mortality rate of 16 7 per 
cent Fifty-six resections for carcinoma w^ere done, with eight deaths, or 14 3 
per cent Five resections for benign disease w^ere done, w ith one death, 20 per 
cent Sixty-one resections were followed by nine operative deaths, 148 
per cent 

Twenty-five patients, 40 per cent, had pancreatoduodenal resection as a 
one-stage procedure Thirty-six, 60 per cent, w^ere operated on in two stages 
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Of 27 patients having pancreatoduodenal resections foi carcinoma, eight 
(30 per cent) survived three years or more 

Of 12 patients followed for five years or more, three show no evidence of 
recurrence All had carcinoma of the ampulla of Vater The longest period a 
patient was followed was six 3'ears and two months 

Pancreatoduodenal resection should be reserved for those patients with 
favorable lesions 

Carcinoma of the ampulla may be cuied by pancreatoduodenal resection 

Carcinoma of the head of the pancreas has not been cured by pancreato- 
duodenal lesection A more extensive operation, such as total pancreatectomy, 
should be carried out or resection for this condition should be abandoned 
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Discussion — Dr Maucom Thompson, Louisville K> One of mv medical friends 
has said that his most fervent prayer is to be delivered from a surgeon who is always 
talking about his one case As Doctor Cattell has shown us follow-up reports of seven 
years’ duration upon cancer of the ampulla of Vater are infrequent, so I vvill risk my 
friend’s censure and solicit your indulgence by being brief (slides) 
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This shows a photonnciogiaph of the specimen, pronounced cancel bj' tw'o patholo- 
gists, one of wliom rc\ tewed the slide a few' weeks ago 

This shows the method of icconsti action The patient w'as in the hospital when 
Ridgeway Trimble's papci appealed, in the No\cmbei, 1941 issue of Snigeiy, Gynecology 
luid Ob'itcincs Without the knowledge gamed fiom his papet I am suie I w'ould not 
ha\e had the confidence to proceed Our technic w’as cvactly as described by him with 
minor changes as follow'S In attempting to bring the common bile duct into the jejunum 
through countei incision by grasping the duct wuth a hemostat, the w'all w'as so fragile 
that it tore, so two guide sutmes were placed in each lateral w'all of the duct These 
were brought through a small incision into the jejunum on needles The needles then 
pierced the jejunal wall a slight distance fiom the opening and the sutuies tied upon the 
serosal surface In this manner the common duct was anchoied into the jejunum as shown 
There was not sufiicicnt duodcnohcpatic ligament to buttress the area of entrance of the 
duct into the jejunum, so a small piece of detached omentum w'as sutuied around the 
junction Also, there was not sufficient duodcnohcpatic ligament to suspend the jejunum 
properly so, a few centimeters distally, it was suspended by two sutures to the edge of the 
Iner to rclicce tension upon the sutuies anchoring the duct 

The patient was jaundiced for fi\c w'ceks before operation One-stage excision was 
performed on No\ ember 7, 1941 You might note the date, for had S G & 0 been late 
that month w'c would have been content w'lth simply a palliative shunt, or perhaps later a 
second stage excision He has been w'ell for seven }'ears and at present theie aie no signs 
of recurrence 

This color slide shows the opened specimen a few minutes after completion of the 
operation As 5 ou see it is composed of the distal portion of the stomach, the pylorus and 
the proximal three-fourths of the duodenum The tumor, 2 centimeters in diameter, can 
readily be seen at the ampulla and, posteriorly, theie is a portion of the head of the 
pancreas with a small segment of the common duct 

The fact that this man has gone for seven years wuthout chills or fever, without 
jaundice, without any major digestive disturbances and with the biliary anastomosis distal 
to the gastric and no attempt to implant the duct of Wirsung will, I am sure, be of interest 
to Doctor Cattell and to others of you wdio by your originality and large experience have 
contributed so much to treatment of this condition 

Dr Richard B Cattell, Boston (closing) This is a most excellent result m the 
case reported by Doctor Thompson, and is a long period of survival in carcinoma of the 
ampulla I am sure he is wise in recording this striking result with a seven-year survival, 
because there are too few long follow-ups in these cases 
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RESULTS OF TREATMENT OF PATIENTS WITH HYPERTENSION 
BY TOTAL THORACIC AND PARTIAL TO TOTAL LUMBAR 
SYMPATHECTOMY, SPLANCHNICECTOMY AND 
CELIAC GANGLIONECTOMY-^ 

KfjthS Crimson, M D , Edward S Orgain,M D ,Banks Anderson, M D , 
Robert A Broome, Jr , M D ,+ and Frank H Longino, M D t 

FROM THE DEPARTMENTS OF SURCrR\ MFDICINF \ND OPHTK VLMOI OG\ DUKE UM\FRSITT. SCHOOL 
OF MEDICINE DURHAM NORTH CAROUNV ACKNOWLEDGMENT FOR TFCUMCAL ASSISTANCE 
DURING FOLIOW UP STUDIES IS EXPRESSED TO DORIS LOCKAM\ COI LEES 
AND RA%MOND CHITTUM BO\D METCALE AND DORIS MORGAN 

Essential hypertension or hypertensive vascular disease is b\ common 
usage a term applied to a large group of patients having elevation of systolic 
and diastolic blood pressure Cause of hypertension in these patients cannot be 
explained by knoMui clinical or lahoiatory diagnostic methods Damage to the 
arteries supplvmg the hi am, the heait, the kidneys and other organs or abnor- 
mal function of these oigans is seldom evident in early stages of the disease 
piocess 

Patients who present themsehes when blood pressure is moderately elevated 
and before occuiience of seiious vascular or organic damage usually are 
treated hv medical methods including lestnction of physical and emotional 
activity reassurance, sedation, i eduction of weight and various drugs or diets 
The\ must be examined periodical!) to determine whether or not blood pressure 
lei els increase, vessels of the retina eiidence vascular damage or renal or 
caidiac function alters Eientually, serious complications occur in many 
Patients who piesent themselves late in the hypertensive disease process 
evidencing seuous organic damage may also be treated by a medical program, 
although in some at least, delay during consen^ative treatment may permit 
lapid occuirence of complications Ea entually, most patients w ith hypertension 
die of the disease Usually at some stage physician and patient alike consider 
the possibility of supplementing medical treatment by sympathectomy 

Decision i egardmg indications for S) mpathectomy is difficult because of the 
variety of opinions regarding the cause of hypertension and the eftect of 
various treatments A variety of possible etiologic factors has been developed 
expenmentally Contubutions of many investigators have been pieviously 
reviewed and acknowledged ^ 

Most of these etiologic factois should not be amenable to sympathectomy 
The renal factor is one of these It consists of a vasoconstrictor and A^aso- 
pressor substance, angiotomn (Page) or hypertensin (Houssay), circulated 
through the blood as a result of hbeiation of remn during renal anoxia This 

This study made possible by a grant-in-aid from the American Foundation for 
High Blood Pressure Read before the Southern Surgical Association, White Sulphur 
Springs, W Va, December 9, 1948 

t Cardiovascular Fellow in Medicine 

$ United States Public Health Service postdoctorate research fellow 
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enz}niatjc humoral pioccss .ippaicntly explains the Goldblatt hypertension 
produced by consti icting renal artci les Man) experiments indicate that neither 
pioduction nor action of tins substance would be alteied by sympathectomy 
Another factor, artcnolai scleiosis, developing as a result of some unexplained 
degeneratu e 01 metabolic pioccss, would not be directl) altered by denervation 
of blood N essels 

Anotliei possible etiolog}, neiiiocndocimc m nature, has been attributed to 
two simiiai sequences One, Sclye's exccssne adaptive leaction,® postulates 
stimulation in the sequence ot fiontal lobe, anteiioi pituitary and adrenal cor- 
tex, with pioduction of cxcessnc coiticoid hormone The other, Hembeckei,® 
postulates that functional mfiuenccs stimulate the fiontal lobes, wdnch in turn 
affect the Inpothalamic nuclei, neuial Inpoplnsis and anteiior pituitary eosin- 
ophil cells, pioducmg an excess of a coitical hoimone These in turn might 
constrict cffeicnt glomeiular leiial aiteiioles, pioducmg renin wduch, wuth 
anteiioi pituitan and coitical hoimones, might cause Inpertension Either 
sequence is assumed as a complete chain of neuiohumoial leactions inde- 
pendent of the s\mpathetic nei\es Heinlieckei suggests, however, that 
epinephiin libeiated as a result of the actnity of the svmpathetic nerves sup- 
phiiig the adrenal medulla might mciease the ni liability of the frontal lobes 
and thus augment their leaction to functional influences 

Seveial lecent de\elopmcnts ha\e suggested additional causes of hyper- 
tension Schioedei" has desciibed a piessoi substance fiom human blood, 
more actne in Inpeitensne than in noimal patients Shorr® has described a 
balance between a casoexcitatoi} mateiial ( \^ E Al ) and a vasodepressor 
material (V D ), oiigmatmg lespectueh fiom kidney and livei, Nvhich 
modify Nascular response to epinephrin and might, if not piopeily balanced, be 
a factor in Inpertension Sliiple}, Helmer and Kohlsteadt^ leport a vasopres- 
sor substance occuri ing in h) potensive cats w Inch gives a sustained increase of 
blood pressure in nepluectomized animals and seems difiteient from renin 

An) of the seveial etiologic factors described above, if present in a patient 
W'lth hypertension, w'ould presumabl) w^eigh against a decision for sympathec- 
tomy Experiments, however, wuth the Heymans’ neurogenic hypertension 
produced by excision of the carotid sinuses and division of the cardio-aoitic 
depressor nerves indicate that if a counterpait exists in a hypertensive patient, 
treatment by sympathectomy w^oiild be effective Studies of this form of experi- 
mental hypertension and review' of experiments by others^^ indicate that 
either splanchmcectomy or upper thoracic sympathectomy alone does not 
appreciably alter the hypertension, but that total sympathectomy does More- 
over, even after total sympathectomies in dogs, h)'pertension may partially 
return as some regeneration of nerve occurs Because of the encouragement 
offered by these experiments and wuth a concept that a neurogenic etiologic 
factor might be present in essential hypertension, total sympathectomy in 
patients was attempted through a transthoracic approach m May, 1940 The 
celiac and stellate ganglia were included m the s)'mpathectomy to insure 
completeness of visceral denervation and to minimize regeneration Although 
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complete denervation, as judged by sweating tests, was not obtained, results 
have led to the continued use of the procedure 

It IS possible that, of the several etiologic factors presented above, the 
neurogenic factor might initiate and perpetuate the disease process in some 
patients, arteriolar sclerosis, lenal, neuroendocrine and other mechanisms 
occurring later Also, it is entirely possible that additional factors now receiv- 
ing only a little attention or now unrecognised may further complicate the 
complex disease process 

Decision regarding indications for sympathectomy in patients with hyper- 
tension is also difficult because of the diffeience m methods of studying and 
reporting results and the variety of operations employed Methods of reporting 
results of sympathectomy for hypei tension have varied widely, man) authors 
changing method or operative technic frequently Results in patients followed 
for several years are seldom quoted 

Operations aie of two general types The first is the splanchnicectomy 
Its development, including anterior root ramisection, 1930, Adson and Heuer , 
subdiaphragmatic approach to sympathetic nerves and branches, 1932, Craig 
and Adson , supradiaphragmatic approach, 1933, Feet , celiac ganglionectomy , 
transabdominal approach, Crile , lumbodorsal approach, 1938, Smithwick, and 
transthoracic approach, 1940, Grimson, has been reviewed, comparing the 
results of procedures and acknowledging the opinions of authors ^ Since this 
review, Poppen,^^ ^947) further modified the thoracolumbar approach by 
resecting part of the seventh rib to gam access to the sympathetic chain as high 
as the fourth thoiacic ganglia Regardless of the upper level of interruption 
of the sympathetic nen es to somatic segments of the body, significant denerva- 
tion of \iscera is accomplished by each of the above operations only in the 
splanchnic area Cardiac, pulmonary, cerebral, upper thoracic, arm and head 
areas remain supplied by sympathetic nerves from the stellate and remaining 
upper thoracic ganglia The second type of operation for sympathectomy, total 
thoracic and partial to total lumbar sympathectomy, splanchnicectomy and 
celiac ganglionectoni) , using a transthoiacic approach, 1940, Grimson,^® 
denervates thoracic viscera, head, neck, arms and chest, as well as abdominal 
viscera supplied by the splanchnic nerves and, to a varying extent, lower 
abdomen, groin and legs 

In spite of the confusion described above concerning etiology, operative 
results and technic, most physicians today accept sympathectomy Decision 
regarding indication or contraindication for surgery and type of sympathectomy 
is usually left to the surgeon and is a matter for individual judgment Our 
experiences with splanchnicectomy performed in 45 patients of another series 
have led to an opinion m agreement with that of Findley^® and others that 
although results are occasionally excellent, usually they are temporary or poor 
Also, it seems evident that the effect of this procedure is largely one of pallia- 
tion It IS the purpose of this paper to present results of adding denervation of 
thoracic viscera, upper body, head, neck and limbs to splanchnicectomy that 
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surgeons may consider Iiow results of this near total sympathectomy compare 
u ith those obtained by ^ arious forms of splanchmcectomy. 

Material Operations to be reported were undertaken for 113 patients 
treated between June, 1940, and May, 1948 Each had a persistent elevation 
of systolic and diastolic blood pressure, not decreasing w ith medical treatment 
and not significantly decreasing during a w eek or more of hospital study pre- 
ceding operation Major complications of hypertension present before oper- 
ation were hemiplegia in 19 patients, hypertensive retinopathy wnth hemor- 
rhages and exudates in 38 and with papilledema m ii, definite decrease of renal 
function in 9, marked enlargement of the heart in 15 and definite abnormality 
of the heart as judged by electrocardiogram m 65 No patient had infarction 
of the myocardium and there was only one elevation of nonprotein nitrogen, 
since these were considered contraindications to operations Also, no patient 
had a hypertension considered mild or not progressive by medical consultants 
Ages raned from 15 to 50 years, the average was 36 There w'ere 46 males 
and 67 females 

Only tw’o patients did not have symptoms attributable to hypertension 
S} mptoms occurring in the remainder w^ere occasional headache only in r i , 
mild headaches, fatigue, dizziness, dj'-spnea, blurring of vision, palpitation, pre- 
cordial pain or nerw'ousness in 23, and severe multiple symptoms in 77 It 
should be emphasized that each of these patients had a moderately severe or 
severe form of hypertension They w'ere selected for operation w^hen recom- 
mended by majority opinion of consultants and not on a basis of decrease of 
blood pressure after sodium amytaF^ or ith sympathol) 4 :ic drugs Also, 
these patients usually had been follow'cd during treatment by a medical pro- 
gram lasting for several 3 ears before operation, occasionally follcrv\ed for 
about a 3'ear and onlj’- rarel)’- for a few' months 


Method of Opeiatwn Operations usually w'ere accomplished in two stages 

performed three weeks apart During each operation a lateral inasion was 

made over the third nb, four or five inches of the rib w'as excised, and the 

upper thoracic cavity w'as exposed transpleurally Through the open chest 

the pleura then w^as incised directly over the sympathetic chain, follow'in<^ 

w Inch dissection and mobilization of the stellate ganglion, the upper six to edgh^ 

thoracic ganglia and the ongin of the splanchnic nerv^e was accomplished The 

freed chain was dropped into the lower chest and the upper incision closed 

A second lateral incision w^as made over the tenth rib, permitting excision r ^ 

SIX or seven inches and entry into the lower portion of the thoracic cz.\h^' 

The chain and splanchnic nerve previously mobilized were picked uo and fried 

dowm to the diaphragm Here a transverse incision was made throu'di^^*^ 

reflection of the pleura onto tlie diaphragm and through th'- po-terfr 

ment of this structure This permitted anterior and downward 

the diaphragm and retroperitoneal visualization of the firct and 

and second lumbar ganglia One or both of these ganmk ' 

Traction upon the splanchnic trunk and separation of fn'roV^ -V 

the diaphragm permitted mobilization of the greater 

^ O' the 



CRIMSON, ORGAIN, ANDERSON, BROOME AND LONGINO 

ganglia, division of its blanches and communications and partial or complete 
excision Exploration of the adrenal glands, when desired, Mas accomplished 
thiough a small incision through the diaphragm into tlie letiopeiitoneal and 
peiiadrenal space 

Since effusion and raiel) bleeding occurred aftei operation and since a 
chest dram has not caused any recognized ill effects, a stab MOund was rou- 
tmel} made betMeen the eighth and ninth ribs and a No 32 Fr Pezzer catli- 
etei bi ought out thiough it The incision through the tenth rib bed Mas then 
closed A steiile tM'o-bottle, bed level to floor, giavitj suction Mas connected 
to the cathetei Thiee Meeks M^eie alloM^ed betMeen this operation and the 
second stage, a similai procediiie through the opposite chest, in order that 
recovery of respiiatou function on the fiist side be faiiE complete Occa- 
sional!}’, patients leceived a thud tiansabdominal operation to complete dener- 
vation of the loM'ei tiunk and limbs Tmo patients, because of the seriousness 
of their disease, had bilateial tiansthoracic splanchmcectomies in two stages 
thiough the tenth 11b folloMcd a feu' months latei b} uppei thoracic s_vmpa- 
thectomies, also in tM o stages and through the fourth ribs 

The specimen of excised chain ahva}s included stellate and all tM'elve 
thoiacic ganglia, splanchnic nerves, pait or all of the celiac ganglia and the first 
or fiist and second lumbai ganglia 

Method of Study Each patient Mas examined emplo}mg standard cardio- 
vascular and lenal technics and observed b} cardio\ascular roentgenologic 
ps^chlatllc and urologic consultants Examinations Mere performed during 
the foui to ten days m the hospital before the fii st operation and M'ere repeated 
dm mg the second Meek folIoMing the last stage With feM exceptions patients 
Meie again hospitalized foi foui to ten da}s months after s} mpathectoim 
and subsequenth at }eaily mtenals for six }eais Occasionally special exam- 
inations including blood volume cardiac output, blood i iscosit} , renal blood 
floM' and effects of posture Mere cairied out Details of the method of stud^ 
Mill be given as the lesults aie leported 

BESULTS or SYUPVTIIECTOMI 

E\tent of dcncivatwii caily and late ajtci opciation The siiiface area of 
the bod} denervated by s} mpathectom} Mas determined by inspection and 
palpation m each patient, by Richter s neurodermometei methods^" m man} and 
by an iodine starch heat test m 21 

The iodine stai ch test has been used for calculation of area of dener\ ation 
It M^as perfoinied short!} after sympathectoiu} and again dm mg subsequent 
admissions to the hospital at mtei vals, one to seven } ears later Aftei sm eating 
under a heat ciadle photogiaphs M^ere taken of the entire body, fiont and back 
P ercentages of bod} sm face m ere obtained by comparing photographs Muth a 
standaid surface aiea chait The aveiage of the suiface aiea denenated m 
21 patients soon after sympathectomy Avas 77 per cent, the range Mas from 
54 to 98 per cent Residual sm' eating aftei opei ation usuall} Mas gieatest about 
the groin and thigh Illustiative photographs ha\e been published - Tiie 
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a\erage of tests made one to sc\en yeais, aveiage thiee }ecus, aftei sympa- 
thectonn in 17 patients was 61 pei cent, the range w^as betw'een 39 to 85 pei 
cent Recover) of abilitj to sweat occuiied in irregular patches usually on the 
trunk and legs and occasionally on the aims The distribution of these patches 
of sw eating w-as an irregulai pattci 11 and 1 esembled that seen in nerve regen- 
eration Ray’** recently lepoited neuiodeimometei studies after “total sympa- 
tliectoim” in 14 patients and deseiibed similai lesults Retuin of sympathetic 
actnit) otcuiicd, he attributed it In a piocess of leadjustment taking place 
clunng the first three months aftei incomplete deneivation It should be lecog- 
iiized that sweating and neuiodeimometer tests recoid activity of chohneigic 
iier\es distributed scgmentalh along with the adreneigic sympathetic fibeis 
and supphmg the body surface 

It has not been possible to test the completeness of intenuption of adien- 
ergic 01 true sjmpathctic ner\es to the head, extiemities or trunk or to 
abdominal and thoracic MSceia Dm mg opeiation the celiac ganglia or at least 
their upper and lateral portions weie iemo\ed This was done to insure the 
division ot lesser splanchnic blanches which might otheiwise be overlooked 
and to diminish the possibility of regeneiation of adienergic vasoinotoi neives 
to abdoninial Msceia Also, the stellate ganglia w'eie excised to insure cardiac 
and pulmonar) dener\ation and to guaid against regeneration Homer’s 
sindroine occurred bilatciall) and w-ith rare exception has peisisted Excision 
of these ganglia eliminates cell stations which might otherwise offer connec- 
tions for imehnated preganglionic fibeis growing out fiom rami and permit- 
ting eftectne regeneiation and activation of unimelinated post ganglionic 
adreneigic fibers 

A definite change of heart rate occuiied after sympathectomy The heait 
rate under basal conditions, as recorded by the electrocardiogi aph, averaged 
76 befoie sympathectomy and 59 a few weeks aftenvard Tw^o to six years 
later the average was 58 The rates four to seven and one half years after 
sympathectomy show'ed no further recoveiy, the average being 58 These per- 
sistent low' rates might indicate failure of regeneration to the heart 

Opoafwe MoUahty Eour of the 113 patients died in the hospital shortly 
after sympathectomy (Table I) Three of these four deaths occurred among 
the first 19 patients treated, and each of the three patients exhibited findings 
now conventionally accepted as contraindications to sympathectom}’’ These 
operations were pei formed in 1940 and 1941 to test the effectiveness of the 
new procedure in otherwise hopeless or late stages of the hypertensive disease 
process The first patient, a 48-)fear-oId male, had all of the findings associated 
with malignant hypertension, including elevation of blood urea and nitrogen 
He developed pneumonia twm weeks after the first transthoracic operation, 
became uremic during treatment wnth sulfathiazole and died 47 days later The 
second patient, a female of 33, had had a severe hypertension for ii years, com- 
plicated by occurrence of several cerebral accidents At the time of operation 
she was confined to bed Examination revealed findings of hemiplegia, severe 
encephalopathy and also malignant hypertensive retinitis with papilledema 
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There were lecuiiing periods of unconsciousness before and between the two 
opeiations Respiratory arrest occurred one day after the second stage Blood 
pressure remained aiound 140/go during several hours of artificial respiration 
just pieceding death The thud operative mortality occurred in a 43-year-old 
male He had had many episodes of nocturnal dyspnea Examination of the 
retina levealed advanced arteiial sclerotic disease and areas of venous throm- 
bosis and macular degeneration After the second operation blood pressure 
was reduced to normal for 56 hours and then respiratory arrest occurred 
Autopsies of the last two patients revealed evidence of increased intracranial 
pressure The arteiies of the circle of Wilhs showed advanced sclerotic 
degeneiation 


Table I — Swvival Staitsfics of Patients Tieatcd by Subtotal to Total Paiavertcbral 

Sympathectomy 


Follow Up Period — 1 to 9 Years — Average Years 

Operative mortality 


Ratio Living During Each Year Period 

Respiratory arrest 

2 


Now Ln mg 

Uremia 

1 

8 years plus 

7 of 9 

Myocardial infarction 1 

7 to 8 years 

2 of 8 


— 

6 to 7 years 

3 of 3 

Total 

4 

S to 6 years 

3 of 4 

Death since operation 


4 to S years 

7 of 9 

Cerebral vascular 

6 

3 to 4 years 

16 of 19 

Cardnc 

3 

2 to 3 years 

24 of 2S 

Phlebitis 

1 

1 to 2 years 

35 of 36 

Cushing's 

1 


— 

Pregnancy 

1 

Total 

97ofll3 

Total 

12 




Total now dead 

16 



Total now living 

97 



Total number 

113 



The fourth patient who died shortly aftei sympathectomy vas a male of 
37 years of age with a severe h)'^pertension of two years known duration 
During SIX months prior to operation he had noted “tightness in the chest” 
after mild exeicise This was leheved after a few minutes of rest Two electro- 
cai diograms revealed only left axis deviation Death occurred on the third day 
after the second sympathectomy Autopsy revealed marked arteriosclerosis 
of the coronary arteries Occlusion of one aitery by a fresh thrombus had 
caused necrosis of the myocardium This is the only operative death occurring 
during the last six years or among the last 94 patients 

Sitivwal Sfahsfics (Table I ) Twelve of the 113 patients treated by syrn- 
pathectomy died during the one to eight and one-half year period of postop- 
eratn^e observation Foui of these twelve obtained no symptomatic improve- 
ment Two died two months after operation with cerebral accidents and one 
i\ith myocardial infarction The fourth developed thrombophlebitis and a 
marked neurosis after the first stage of the sympathectomy and left the hos- 
pital Death occurred two months later at home and cause could not be 
determined 
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The icmaining eight patients cl}ing aftei the opeiation had desciibed some 
sviiiptoniatic inipro\ ement Tw o ^\ ei e of unusual intei est One had a diagnosis 
of “Cushing’s syndiome” estalilished befoie operation The sella turcica was 
normal b} loentgenogiam S} mpathccloniy N\as completed at the time of 
exploration of the abdomen and either side of the chest seaichmg for tumor 
Biops} of the adienal glands was peifoiincd dining the abdominal and each 
traiisthoiacic operation. Aftei completion of the s\ nipathectomy blood pressure 
remained at noimal le\els foi one }eai and symptoms of dizziness, headache 
and palpitation \ncic iclic\cd Other chaiactciistic changes and s)mptoms of 
•‘Cushing's SMidiome” piogiesscd, howcxci, c\cn though medical treatments 
including roentgen-ia\ tlierap} to the pituitai} gland neie employed Osteo> 
poiosis led to multiple fiactuies and collapse of ccitcbiae Tubeiculosis of the 
spine and later acute hematogenous miliaiy tubeiculosis then developed Death 
occiiried 33 months aftei s\ mp.ithcctom} At anlops} , although the hypophysis 
wasgiossl} noimal. a small basophilic adenoma was found dining micioscopic 
exaiiiination The second patient of special intciest was a giil, 15 )ears of age 
at the time of s\ mp.itlicctoiii) whose blood pressuie had been 1 educed to 
normal dining 13 months Mic then became picgnant. concealing this from 
the famiK foi sc\en months Coinulsions then occiincd and she w'as hos- 
pitalized clsewheie wntli a blood jircssuic of 230/160 Death occiiired one 
da) later. 

Of the reniaining six p.iticnts dinig dining the penod of postopeiative 
obseivation, four had ccicbial accidents 14, 16, 17 and 36 months aftei sympa- 
tliectoim The icmaining two patients died suddenly of heait failuie, one 46 
months and the other 26 months aftei s) mpathectoni) The last case is of 
interest She had had a biiateial siipiadiaphragmatic splanchnicectomy one 
\ear and two months beloie completion of the sympatheclom) and had obtained 
little iinproi ement and no 1 eduction of pressuie with this piocediiie There 
was definite clinical nnproi ement following a thiee-stage paravertebral sympa- 
thectomy but no reduction of jiressuie The patient was rehabilitated sufficiently 
to do light w'ork until three months before death Progressively iiici easing 
cardiac decompensation then de\ eloped Teiminalh intestinal volvulus 
occurred. Aiitops) leiealed geneiahzed scleiotic and thiombotic aitenal vas- 
cular disease 

Nineh -seven of the oiiginal 113 patients are now living one to eight and 
a half \ ears aftei operation, an a\ eiage survival time of 36 5 months (Table I ) 

It is evident that most deaths after opeiation occuired among the eight 
patients treated seven to eight yeais ago At this time the opeiation was 
employed foi patients m an extremely advanced stage of the disease Of the 
SIX patients who W'eie opeiated upon during this yeai and subsequently died, 
two were operative mortalities desciibed above, another had the “Cushing’s 
syndrome” and the lemaining three developed ceiebial vascular accidents 16, 
17 and 36 months aftei opeiation In general, considering the type of patients 
treated, it is believed that the above suivival periods aie more than satisfactory 

Effect upon Blood Piessuie Blood pressures were obtained at inteivals 
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before and after operation in the office and also during periods of four to ten 
days in the hospital Readings were obtained while patients were supine and 
usually also while sitting and standing Generally, office readings taken in the 
supine position were somewhat higher than those taken routinely four times a 


BUXJD PRESSURE - SUPINE - AVERAGE DURING HOSPITAL ADMISSIONS 
31 PATIENTS HAVING REDUCTION TO NEAR NORMAL 



BLOOD PRESSURE -SUPINE -READINGS IN OFFICE 
31 PATIENTS HAVING REDUCTION TO NEAR NORMAL 



B 


5! Fig i — Scattergraphs present blood pressures of 31 patients considered 
^as having reduction to near normal values as judged by average supine pres- 
: sures during admissions to the hospital (A) Office readings of the same 
[patients in the supine position are presented in (B) Progressive elevation 
Lof pressures during the years before operation has ceased afterward 


day during hospital admissions After operation a postural hypotension oc- 
curred, blood pressure decreasing with upright posture and with exercise 
During the first several months standing often produced dizziness ^iibse- 
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quently, little or no cli77inci,s occurred The postural hypotension with few 
exceptions persisted dunng periods of obsenation as long at years It 
was not associated with tach}caidia since heart and adrenal glands were 
deiier\atcd 


BLOOD PRESSURE -SUPINE -AVERAGE DURING HOSPITAL ADMISSION 
43 PATIENTS HAVING REDUCTION BUT NOT TO NORMAL 



T«orl 


A 


BLOOD PRESSURE -SUPINE- readings IN OFFICE 
43 PATIENTS HAVING REDUCTION BUT NOT TO NORMAL 



I Pjq 2 Scattergraphs present blood pressures of 43 patients having 

reduction but not to normal as judged by hospital averages (A) Office read- 
ings of these patients (B) indicate progressive increase of blood pressure 
before operation and a plateau during the years afterward 

Master charts plotting the course of the blood pressure were kept for each 
patient Since the readings m the hospital fluctuated less than those obtained 
in the office the hospital readings were chosen as the basis for determining 
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effect of sympathectomy upon blood pressure Supine readings during each 
admission to the hospital but excluding those during cold pressor, sodium 
amytal and other tests were averaged and indicated as a single point on the 


BLOOD PRESSURE -SUPINE -AVERAGE DURING HOSPITAL ADMISSIONS 
23 PATIENTS NOT HAVING SIGNIFICANT CHANGE 



BLOOD PRESSURE -SUPINE -READINGS IN OFFICE 
23 PATIENTS NOT HAVING SIGNIFICANT CHANGES 



B 

Fig 3 — Scattergraphs present blood pressures of 23 patients having no 
significant reduction of blood pressure as judged by averages during hospital 
admissions (A) or readings m the office (B) Pressures during the years 
after operation have not increased 

patient’s master chart The master chart of each of the 97 patients now living 
was then surveyed to determine whether the over-all record indicated reduc- 
tion of blood pressure to near normal, reduction but not to normal, or no 
definite reduction On the basis of this individual survey, 31 patients were 
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considered as liaxing i eduction of. blood piessure to neai noimal Foi piesen- 
tation, a scaltcigiaph has been picpatcd (Fig i) showing a dot for each 
hospital avciage on each patient (A) ’and for each office reading of each 
patient (B). On the same basis, 43 patients -avere consideied as having reduc- 
tion but not to noimal (Fig 2. A and B) Similaily, 23 patients were consid- 
ered as having no significant 1 eduction (Fig 3, A and B) Examination of 
indnidual master chaits usually le^eiils the same upwaid trend of blood 
pressure befote 53 ihpatliectom} winch is evident in these scattergraphs but 
alwa\s the same aiiest of ujiwaid liend 01 plateau aftei sympathectomy 
Age at the time of s} mpathectomv of the 31 patients with near normal 
blood picssuie piesented in Figuie 1 \aned fiom ly to 46 }^eais, average 32 
The age of patients m Figuie 2 with 1 eduction but not to normal varied fiom 
20 to 48, ei age 38 Ncais Tlie .age of p.atients without significant 1 eduction 
3) varied fiom 27 to 50 a\eiage 38 3 ears 


Tabif II — Sviiiplfliiis Bcffli, 

1 ' and 

dfu t 

Sympalhcctonty 

97 Patients 

Noiv Living 



Blur- 




Pre- 



Xervou*!- 

ritiK 


Dirzi- 

Head- 

cordial 

Palpi- 



nc'^s 

\ ision 

ratiKuc 

ness 

aches 

Pam 

tation 

Dyspnea 

Number of Patients 

\ Before operation 









I ll«itliB P rcdtiCLcl to nornni 

n 

13 

8 

IS 

28 

10 

11 

18 

2 43 with some reduction 

18 

14 

16 

29 

41 

11 

20 

18 

3 23 with no reduction 

8 

9 

9 

11 

20 

12 

13 

15 

Total 97 patients 

39 

36 

33 

55 

89 

33 

44 

51 

B After operation 









1 31 with B P reduced to normal 

0 

I 

8 

11 

6 

0 

1 

3 

2 43 with some reduction 

3 

5 

8 

14 

16 

3 

0 

8 

3 23 with no reduction 

4 

5 

7 

5 

13 

1 

2 

8 

Total 97 patients 

7 

11 

23 

30 

35 

4 

3 

19 


Known duration of hypertension among the 31 patients ivith blood pressure 
reduced to near normal varied fiom i to 10 }'ears, average 5 i , of the 43 with 
some reduction, o to 20 years, average 6 7, and of the 23 ivith no reduction from 
2 to 17 years, average 7 8 Average duration of s}miptoms in the three groups 
was consecutively 4 6, 6 7 and 6 8 years During the remainder of this paper 
results of S3'^mpathectom3'’ will be presented separatel}'' for each of the three 
groups 

Effect upon Symptoms of Hypei tension S}miptoms attributable to hyper- 
tension occurred before s5'’mpathectom3'^ in all but twm of the 97 surviving 
patients With rare exceptions, symptoms when the}'^ occurred after operation 
were much less severe Incidence of sj^mptoms is recorded in Table II 

It is evident that the number of patients relieved of S3'^mptoms is greatest 
in the group with most reduction of blood pressure and least in the groups with 
less or no reduction Exceptions to this observation occur in the column under 
precordial pain and palpitation These two s3nTiptoms, occurring in 33 44 

patients, respectively, before operation, were relieved in all but 4 and 3 after- 
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ward Since the operation interrupts both nervous pathways conducting pain 
from the heart and sympathetic cardiac accelerators, elimination of these com- 
plaints IS expected in all cases The exceptional persistence in the few might 
be explained by error inherent in subjective observations Symptoms listed 
in Table II are those described during the first several months before oper- 
ation and those during the last several months preceding this report 

Effect upon ComphcaHons of Uypet tension For convenience, incidence 
of complications of hypertension is presented m Table III Each of the five 
major complications will be discussed individually, adding separation into 
groups according to results on blood pressure 

Cerebral vascular accicjents with hemiplegia (Table IIIA) occurred once 
or oftener before sympathectomy ip 19 patients Sixteen of these patients are 
now living, seven longer than five years Of these 16, one now living after eight 


Table III 

— Comphcattons of Hypcrtcnst 

071 



Entire Senes 
of 113 Patients 
Before 

Sympathectomy 

Currently Surviving Series (97 Patients) 

Preoperatiye 

At 3 Months 

Latest 
Observation 
(lor more years) 

A Cerebral ncndent"! witb hemipIeRn 

19 

16 

0 

1 

B Retinopathy 





1 None 

73 

68 

78 

44 

2 Hemorrhages or exudates 

38 

29 

8 

1 

3 Papilledema, 

11 

3 

1 

1 

C Enlargement of heart 





1 None 

64 

60 

43 

37 

2 Moderate 

34 

30 

38 

11 

3 Marked 

IS 

7 

14 

11 

D Abnormalities of electrocardiogram 





1 None 

48 

45 

45 

32 

2 LAD only 

16 

13 

12 

5 

3 T Wave and/or ST segment 

27 

21 

21 

17 

4 Strain 

22 

18 

10 

5 

E Diminished renal function 

9 

5 

1 

1 


years has had three cerebral vascular accidents since sympathectomy but is 
able to be up and about although activitj^ is 1 estricted His blood pressure was 
not significantly reduced by operation Another patient apparently had a minor 
cerebral accident one year aftei sympathectomy but did not develop hemi- 
plegia Her blood pressure also was not reduced The remaining 14 patients 
have not had cerebral vascular accidents since operation Of the entire group of 
16 patients, reduction of blood pressure to normal occurred in five, some reduc- 
tion in six, and no reduction in five 

Effect upon Hypei tensive Retinopathy Table III B presents the incidence 
of occurrence of retinal hemorrhages and exudates and of papilledema, group- 
ing all patients together These complications of hypertension were present 
before operation in 40 of the 113 patients of the entire series and m 29 of the 
97 now living Of the 31 surviving patients whose blood pressure remains 
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reduced to normal, lo had hemoiihages and exudates before operation and 
three of those also had papilledema Hemorrhages and exudates disappeared 
before examinations made three months after operation in eight patients Two 
eMdenced this complication tliice months after operation but not during sub- 
sequent examinations. Retinopathy has not reappeared in any of these patients 
Of the 43 surMMiig patients whose blood pressure -was reduced but not to 
normal onh eight liad hemoirhages and exudates and of these only one had 
papilledema This di'^appeaicd aftei operation, although in three patients, 
retinopatln continued at three months, disappearing later In no patient 
obser\ed for longer intenals has it reappeared Of 23 patients with retinop- 
atln before ojieration and now Ining but not having significant reduction of 
blood pressure, 1 1 had hemorrhages and exudates and of these three also had 
papilledema before opeiation Afterward, hemorrhages exudates and papill- 
edema persisted in one patient This patient had been treated by a strict iice 
diet without efiect before and after sj mpathectomy When last observed nine 
months after operation he refused further diet or tieatment and has subse- 
quenth refused to return for examination He reports, howwer, when last 
contacted four jears aftei operation, that he is w’^ell and working regularly 
Another patient had exudates but no papilledema one } ear after sympathectomy 
TJie exudates were described In the ophthalmologist as apparently old They 
had disappeared when the patient was examined two and one-half years after 
operation A third patient u ith hemorrhages and exudates present three months 
after operation has not been back for subsequent observation With these three 
possible exceptions, all of the 12 patients m this group having hemorrhages and 
exudates present before operation and not having reduction of blood pressure 
afterward ha\e had disappearance of these lesions Also, they have not to our 
knowledge had recurrence 

It IS evident that hemorrhages and exudates w^ere present before operation 
least frequently in the group of 43 patients wdiose blood pressure w^as reduced 
but not to normal 

It IS of interest that Aa e patients of the 97 had marked reduction of blood 
pressure during the first w eek after their last operation and became irrational 
or de\ eloped coma Three had temporarj’^ increase in blood N P N All recov- 
ered During this episode of presumed encephalopathy these five patients had 
increase of hemorrhages and exudates and mild papilledema, w^hich later 
disappeared 

The above observations concerning the ophthalmoscopic appearance of the 
fundus in the entire senes of 113 patients are based largely upon the presence 
or absence of hemorrhages, exudates or papilledema as obtained from patient 
records of two hospitals Details of the ophthalmoscopic evaluation in the first 
19 patients operated upon at the University of Chicago have been reported b} 
Cans One of us (B A ) has examined records of the 04 patients subse- 
quently treated at Duke University The records of 78 of these patients w^ere 
sufficiently complete so that results might be evaluated on a basis of appearance 
of the entire fundus rather than on a basis of occurrence of hemorrhages 
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exudates or papilledema Usually these records included personal obsetyations 
or fundus photographs He has evaluated results considering condition of discs, 
sheathing of vessels, changes in light reflexes and color of vessels, attenuation 
of arterioles as compared with veins, localized changes in cahbet of arterioles or 
venules, increased tortuosity, accentuation of arterio-venous compression, de- 
velopment of epivascular pigment streaks, appearance of retinal edema, “cotton 
wool” patches or hard “edema residues” and occurrence or organization of 
hemorrhage Rather than attempt grouping according to the conventional 
Keith-Wagner, Gifford, Cans or Freidenwald classifications, each of which 
has its definite limitations, this co-author has grouped results of sympathec- 
tomy depending upon whether the entire ophthalmoscopic appearance of the 
fundus revealed hypertensive retinopathy before operation, and whether if 
present this retinopathy improved, was unchanged or increased following 
operation These groups are presented in Table IV and compared with effects 
of sympathectomy upon blood pressure Included among the 19 patients with 
retinopathy unchanged are 15 with minimal abnormalities and four with mod- 
erate hypertensive retinopathy Three of these four had been followed for 
only three months at the time of latest observation The fourth had been 
followed for two years and evidenced increasing vascular change, although 
exudates present before opei ation had disappeared The two patients showing 


Table IV — Effect of Sympathectomy Upon Hypef tensive Retinopathy Grouped According 
to Effect Upon Blood Picssuic (78 Patients) 



Totals 

No 

Retinopathy 

Retinopathy 

Improved 

Retinopathy 

Unchanged 

Retinopathy 

Increased 

A 

Blood presage reduced to normal 

24 pts 

6 pts — 25% 

14 pts — 58% 

4 pts —17% 

0 pts — 0% 

B 

Blood pressure reduced but not to 







normal 

37 pts 

13 pts — 35% 

11 pts — 30% 

12 pts —32% 

1 pt —3% 

C 

Blood pressure unchanged 

17 pts 

8 pts —47% 

5 pts — 29% 

3 pts — 18% 

1 pt — 6% 


Total 

78 pts 

27 pts —35% 

30 pts — 38% 

19 pts — 24% 

2 pts — 3% 


increased retinopathy in Table IV are the same two who had hemorrhage or 
exudate, and in one papilledema (Table IIIB), details of these patients have 
been described above 

Effect upon Renal Function Each patient has had conventional examina- 
tions of renal function before and at intervals after operation These always 
included PSP, Mosenthal or Fishberg, blood nonproteins nitrogen or urea 
nitrogen and often included urea clearance or urea ratio With few excep- 
tions, pyelograms were obtained before operation These revealed few abnor- 
malities Moderate albuminuria was found m some patients, but quantitative 
albumin studies were not obtained 

Review of work sheets plotting results of tests of each patient before and 
at intervals after operation has not revealed a definite change or trend With 
nine exceptions, renal function was essentially normal before operation Review 
of plotted work sheets after operation for the patients with normal renal func- 
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tion lias shown that function has not become impaiied dining the peiiod of 
postoperative obsenation even in those patients who had no i eduction of blood 
pressure and have been followed foi seveial }eais Publication of details of 
these tests does not seem wai i anted 

The nine patients diffeimg fiom the otheis by having evidence of impaired 
renal function befoie s} mpathcctomy will be discussed Fotii had elevation of 
blood urea nitiogen One of these died in iiiemia after the fiist stage of the 
s}anpathectomy , one died of lespiiatoiy aiiest shortly after the second stage, 
two died thiee years afterward, one of caidiac failure and the other of a cere- 
bral accident The lemaining five patients ate now living Each had reduced 
renal function as judged by seveial low phenol-sulphonphthalein clearances oi 
by poor concentration of uime dm mg several Mosenthal tests Blood non- 
protein nitrogen w’as not elevated Thice w'ere tieated medically by sedation 
and a rice diet during seveial weeks m the hospital befoie sympathectomy 
Diminished renal function as judged by these tests peisisted in only one after 
operation 

Effect Kpon Stcc oj the lleait As indicated in Table III C, 49 of the 
onginal 113 patients had enlargement of the heart, modeiate or marked as 
arbitrarily judged by review’ of chest roentgenograms taken at six feet or in 
a few instances by fluoroscopy Detailed nieasuiements of the cardiac shadow^ 
in films and adjustment according to w'eight and height permitted calculation 
of percentages of deviation from average normal heart size in 86 patients 
Using such accurate measurements wdien possible and other information when 
not possible, all patients w ere grouped according to wdiether hearts were not 
enlarged or were moderately or maikedly enlarged Patients grouped in 
Table III C as having moderately enlarged hearts had a percentage deviation 
from nonnal of plus ii to 20 per cent Those grouped as having markedly 
enlarged hearts had a deviation of plus 20 per cent or more It is evident from 
Table III that of the fifteen patients having marked enlargement before oper- 
tion only seven are now living 

Of the 97 patients currently surviving, 30 had moderate and seven marked 
enlargement before sympathectomy It is evident (Table III C) that three 
months after operation the number with marked enlargement of the heart 
increased, occurring m 14 of 95 patients At the time of the last observation, 
a year or more after operation, the number wnth marked enlargement remained 
relatively increased, occurring m 1 1 of 59 patients examined The number with 
moderate enlargement also increased at three months but then decreased after 
one or more years Explanation of this relatively poor effect of sympathectomy 
does not develop when results are separated into three groups according to 
effect upon blood pressure 

Among 31 patients now surviving with blood pressure at near normal 
values, cardiac enlargement was moderate m seven and marked m none before 
operation Of 30 examined at three months, eight had moderate enlargement 
and two marked enlargement Of 21 examined subsequently, only three had 
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moderate and none mai ked enlargement Of 43 patients with blood pressure 
reduced, 16 had moderate and two marked enlargement before operation At 
three months 42 patients were examined and of these 24 had moderate and 
three marked enlargement Subsequently, howevei, of 23 examined, six had 
moderate and three maiked enlargement Among 23 patients without sig- 
nificant reduction of blood pressure, seven had moderate and five marked 
enlargement before operation At three months, six of 23 patients examined 
had moderate and nine marked enlargement At a year or more, 13 patients 
were examined and of these two had moderate and eight marked enlargement 
It is evident that for some unexplained reason the incidence of patients 
having either moderate or marked enlargement of heart size increased during 
examinations made three months after operation It is also evident that inci- 
dence tended to decrease in later observations The decrease, however, was 
definite only among patients with reduction of blood pressure to near normal 
Decrease of incidence of moderate enlargement of the heart occurred among 
those patients with reduction of blood pressure but not to normal Incidence 
of marked enlargement increased, howevei, and the total percentage of those 
with enlargement, therefore, remained little changed Among patients with 
no reduction of blood pressure incidence of enlargement increased 

Effect upon the Elect) oca) djogt am The most significant effect evident in 
electrocardiograms obtained before and at intervals after sympathectomy is a 
constant decrease of heait rate following operation This peisisted throughout 
the period of postoperative observation As illustrated m Table III, a com- 
parison preoperatively and at three months of incidence of the patients with 
normal electrocardiograms (D i), those with left axis deviation only (D 2)', 
those with this plus significant T wave and/or ST segment abnormalities 
(D 3) and those with definite strain patterns (D 4)^ reveals a marked similarity 
before and aftei operation in each of the first three categories Only in incidence 
of strain pattern (D4) was tlieie a definite decrease At one year or more 
there was a moderate decrease of incidence of left axis deviation and of strain 
pattern but a definite increase of the propoition of patients exhibiting T wave 
and/or ST segment abnormalities Presentation of these varying effects is 
somewhat aided by sepaiation of results into three groups according to effect 
of opeiation upon blood pressure 

Among 31 patients now surviving with blood pressure at near noimal 
values, electrocardiograms were normal before operation m 20, demonstrated 
L A D in four, T wave changes in three and strain pattern m four At three 
months, distribution was essentially the Same Of 20 patients followed for a 
year or more, 13 had normal electrocardiograms, one had LAD, four demon- 
strated T wave changes and two showed strain patterns Incidence of abnor- 
malities among patients suiviving with reduction of blood pressure but not 
to normal was, before operation, 23 normal, three LAD, ten T wave abnor- 
mality and seven strain pattern At three months and at one or more years, 
incidence of abnormal electrocardiograms w^as essentially the same, only two 
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niiproMiig In cxhihitnig chnni;c tiom stuiin patlcin to T w.ue abnormality 
Of 23 patients nith no 1 eduction of blood picssiiie. electi ocai diograins neie 
normal bcfoie operation in onh two T \ D was piesent in six, T A\ave 
abnormalities 111 eight and sii.un patlcin in seven At three months, five of 20 
examined had normal eleclrocaidiogiams fne had left axis dcMation, six had 
T wa\e ahnormahtie'' and tliice showed strain patterns Of 15 patients fol- 
lowed for one >eai 01 moie fne had 1101 mal electrocaidiograms, two showed 
L \ D . SIX T wa\c clianges ,ind two stiain patterns 

In general the aboie stud\ of icsults of s\ mpathectonn as judged b_\ 
electi ocardiogram has demonstrated little efiect Decrease in the incidence of 
strain pattern and other abnoimahties appaient m some groups might be 
explained In failure of a few patients exhibiting these abnormalities to return 
for their examinations aftei a \ ear 

Effect of Suhsequeui Picqnancy Foui patients became piegnant after 
SMiipathectoni} One patient, whose blood pressuie had been nonnal during 
SIX }ears clelueicd normalU at teim Blood piessure. noimal before and 
after delneix, rose for a few houis during labor to 180/110 but subsequent!) 
has remained nonnal Anothci patient whose blood pressuie had been normal 
for one lear following si mpathectonn , de\ eloped moderate eleiation of pies- 
sure during her nine months, the highest reading being 220/140 at tenn 
Following delivery her pressure returned to normal graduall} during the next 
}ear and a half The third patient with reduction of blood pressuie to normal 
became pregnant dm mg the first months aftei s^mipathectonn Blood pressure 
remained normal during the first seven months of pregnancy and then rose, the 
hospital a^erage at the time of delner) being 196/134 Piessuies then returned 
to norma] This patient again became pregnant, dehvenng her second child a 
year and a half later Hypertension reappeaied during the last two months of 
pregnanc) and remained at high levels follownng deliveiy The fourth patient 
also had reduction of blood pressure to normal for 14 months She then became 
pregnant, but refused prenatal care She is the patient (described above under 
su naval statistics) wdio died of a toxemia of pregnancy wath blood pressures 
as high as 248/180 

DISCUSSION 

It IS now wHl-estabhshed that splanchmcectomy may be an adjunct to the 
treatment of hypertension in certain patients IMany observers, how^ever, feel 
that results follow mg this operation are frequently poor or temporar);- Results 
of extending sympathectomy to include the stellate and uppei thoracic ganglia 
as well as the nerves usually removed during modem operations for splanch- 
nicectomy have been presented in some detail so that the reader may judge 
whether the frequency of poor or temporary results has been decreased by this 
more complete s3'-mpathectomy It is our impression, based upon expenences 
with splanchnicectoni)’’ in another senes of patients, tliat this has happened 

The observations presented above apparently indicate that, with few 

* Since preparation of the paper, this patient died of a cerebral vascular accident 
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exceptions, progression of the hypertensive disease process has been retarded 
or in some patients even arrested Also, reduction of blood pressure, relief of 
symptoms, prevention of recurrence of complications and elimination of 
hypertensive retinopathy has occurred in most patients The only observations 
that have not indicated much impio\ement are those based upon heart size and 
electrocardiograms Survival statistics seem to indicate that, considering the 
type of patients selected for operation, life expectancy has been increased It 
must be emphasized, howevei, that these patients represent a selected group 
and that a suitable control series has not been possible Selection has included 
patients under 50 years of age who do not have elevation of blood nonprotein 
nitrogen, hypertensive encephalopathy with increased mtiaspinal fluid pressure 
or infarction of heart muscle and who exhibit leasonably adequate emotional 
stability Selection has excluded patients with mild or nonprogressive types 
of hypertension 

Of the various possible etiologic factors presented in the introduction of 
this paper, only one, the neurogenic, would explain entirely the results 
obtained and the apparent improvement of results over those observed or 
described after splanchnicectomy alone This, unfortunately, cannot be inter- 
preted as proving that these patients had neurogenic mechanisms as the initiat- 
ing and perpetuating factor of their hypertension Sympathectomy may have 
nonspecific effects resulting from denervation of the vascular bed or the 
viscera which might indirectly influence other hypertensive mechanisms 

Special tests of the circulation were obtained in some of the patients 
described above and will be discussed They have shown that following sym- 
pathectomy total blood volume, blood viscosity and renal blood flow were not 
significantly altered Details of these tests will be reported by W Adams, A 
Alving and others Cardiac output values, determined m nine patients by 
W Adams using a modification of the acetylene method, ran slightly lower 
after operation than before He suggests that decrease of cardiac output ap- 
proximately parallels reduction of heart rate Cardiac output values, detei- 
tmned by J Hickam employing the Fick principle and using the cardiac cathe- 
terization technic, revealed little deviation or slight reduction below normal 
with patients in the supine position The moderate changes of cardiac output 
observed by Adams and Hickam had no relation to reduction or failure of 
reduction of blood pressure following sympathectomy Hickam also observed 
that as blood pressure was reduced by postural changes during tilting, further 
reduction of cardiac output occurred This reduction did not exceed that 
expected during tilting of normal patients Also he observed that moderate 
exercise in the supine position in these sympathectomized patients resulted in 
an increase of cardiac output similar to that occurring in normal patients 
Since blood volume and blood viscosity were not definitely changed in the 
sympathectomized patients tested and since cardiac output was little reduced, 
one must assume by exclusion that the total penpheral resistance was decreased 
following operation m those patients having reduction of blood pressure 
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Results of the cold piessoi lest fHmes"®), performed on all patients before 
and t'lftei s\ mpatbcctoni} aie not leportcd in detail since they evidently con- 
ti ibiitcd little or no infoi mation i elatu c to advisability of opei ation or result 
Immersion of one hand in ice watci usually pioduced prompt increase of blood 
pressure before s} mpathcctomy and also aftcnvaid, even thong'll the operation 
had eftected deneri ation of thoiacic and abdominal viscera together with loss of 
sweating of as much as 54 to 98 pci cent of the bod\ surface area 

Similaih. rest and Sodium Aimtal tests'- failed to pi edict the eiiect of 
s} mpathectoim . and lesults wall he discussed without piesenting details 
Anah sis of indn idiial gi ajihs of blood pressure 1 eadings obtained hourly during 
a 24-hour stud) pciiod icicaled that the lowest single diastolic reading reached 
during picopeiatue tests was less than the aveiage recumbent blood pressure 
of the patient during the first scveial weeks after S} mpathcctomy in half the 
number and highei in half If the general low level dining the preoperative test 
rather than the lowest single diastolic leading is compared wuth the average 
recumbent diastolic blood picssuic dining a week in the hospital one or more 
}ears aftei s\ mpathcctomy then the test le\el is lowei than the late postsym- 
pathectoni} lei el in a little less than half the number of patients and higher 
in a little more than half Anah sis of these data e\ identh indicates that results 
of the Sodium Amytal tests aie not significant 

The basal metabolic rate was detcnnined in 23 patients before and after 
s} mpathectoni} Postoperative deteiminations w'ere made at intervals up to 
four lears after opei ation With one exception theie was a slight decrease of 
basal metabolic 1 ate both shoi tly after operation and dui mg tests obtained up 
to four }ears later Since the average B M R before opei ation w^as plus 4, 
the average several w eeks afteni ard minus 4 and the average one to four years 
later only minus ii. the changes weie not considered significant Most 
patients gained in weight 

Blood pressure readings presented in this paper have been taken in the 
supine position after rest With exercise, and paiticulaily with erect posture, 
additional reduction of blood pressure occurs This is true in all patients 
including those wdiose blood pressure m the supine position was not sig- 
nificantly reduced by operation It is of interest that although before operation 
blood pressure increased immediately after exercise in those patients tested, 
aftenvaid there w'as a decrease, frequently rather large, m all tested Postural 
low'enng of blood pressure as judged by systolic levels has persisted in all 
patients As judged by diastolic blood pressure, it has persisted m most, only 
a few, several years aftei sympathectomy, having a slight increase of diastolic 
pressure while standing Bradycardia effected bj’- sympathectomy persists in the 
upright position Even after exercise, such increase of heart rate as occurs 
seldom approaches the normal or preoperative resting rate of Jo to 80 beats 
per minute 

Experiences with four patients pregnant at some time after sympathectomy 
have indicated that hypertension may recur during this condition Although 
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the new elevation of blood pressure receded following delivery in two patients, 
elevation of blood pressuie persisted at high levels in another two, causing 
complications leading to death It therefore does not seem advisable that preg- 
nancy be recommended following sympathectomy for hypertension 

One patient treated four years preceding our latest follow-up report had 
his sympathectomy because of polycythemia vera and hypertension Detailed 
studies of his blood were lepoited by'^ Schafer They indicated definite 
deciease of volume and number of red blood cells following sympathectomy 
Although he had been tieated by withdrawing blood at frequent intervals 
during two yeais preceding operation, this has not been necessary afterward, 
and the patient reported after four years that he remained well Another sim- 
ilar result in a second patient with poly'^cythemia has led to the impression that 
sympathectomy may be recommended for some patients with hypertension and 
polycythenua 

Finally, it should be emphasl^ed that near total sympathectomies are 
associated with certain disabilities or inconveniences Some of these compli- 
cations persist only during the first several months after operation Of these, 
the most serious has been pain, which occurs in all patients and is intense in 
many It has lasted in occasional patients as long as a year Postural lowenng 
of blood pressure occui s and usually produces disability during the first sev- 
eial months after operation Symptoms of dizziness when standing rarely 
persist a year Following this peiiod of time, postuial louenng of blood pres- 
sure persists but is not associated with disability Othei complications unfor- 
tunately persist, although they are somewhat less tioublesome after a year 
or two One of these is excessive sweating occui ring in areas of regeneration 
or in areas not denen ated This pi oduces inconvenience by moistening cloth- 
ing, particularly during hot ueather Anothei persistent symptom is partial 
obstiuction of nasal ainvays caused by swelling of the mucous membr nes 
This occurs in many patients but has been sufficiently troublesome to wat rant 
injection of scleiosing agents m only a few Although the above inconveniences 
or disabilities have been moderately annoying to some patients, they have not 
been sufficiently senous to discourage our belief that near total s3'mpathectomy 
is indicated for many disabled by hypei tension 

coNcnrrsTON 

Total thoiacic and paitial to total lumbar sympathectomy, splanchnicectomy 
and celiac ganglionectomy in a substantial majority of a senes of 113 hyper- 
tensive patients has apparently 1 etai ded and m some even ai rested the hyper- 
tensive disease process 
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AN EVALUATION OF THE TREATMENT OF ESSENTIAL 
HYPERTENSION BY SYMPATHECTOMY* 

Rawley M Penick, Jr , M D 
New Oreeaits, La 

TROM THE DEPARTMENTS OE SURGERV OCHSNER CLINIC AND TUI ANF UNIVERSITT OF LOUISIANA 
SCHOOL OF MEDICmr NEW ORLEANS 

Sympathectomy has been done in this country for hypertension since 
1933 and yet there is still lack of agreement as to its usefulness in this disease 
In 1942, Giimson^ estimated that at least 3,000 patients had been treated in 
this way and by now this number must have more than doubled Despite this 
large experience, varied opinions are still prevalent regarding the results 
obtained It is the purpose of this communication to point out some of the 
reasons for the existing confusion and to review our own experience with 
105 patients with essential hypertension treated by sympathectomy Nephrec- 
tomy and removal of pheochromocytomas for hypertension will not be discussed 

It has been my contention that the final decision regarding the value of 
sympathectomy for hypertension will depend upon whether two purposes are 
accomplished by the operation, that is, relief of symptoms and prolongation of 
life If a patient lives comfortably to a ripe old age, uould it matter if the 
blood piessure were maintained at high, abnormal levels^ Hence, a precise 
knowledge of these t\\ o factors would be enough for evaluation of the procedure 
Obviously, one has only to compare a series of patients uho have been oper- 
ated on with a series of patients who have been treated by nonsurgical meas- 
ures Such comparisons lead to one conclusion at least, namely, that the oper- 
ation brings about relief of symptoms in approximately 80 to 85 per cent of 
the cases Therefore, this important question can lie answered with assurance, 
but m regard to prolongation of life, there is much less agreement The reasons 
for this he in the fact that a number of different operations are still being done 
for hypei tension, and classification of the patients is difficult because of our 
Ignorance concerning the fundamental factois in the disease 

At present splanchnicectomy is being pei formed both above^ and below® 
the diaphragm Ablation of the splanchmcs and a portion of the sympathetic 
chain above and below the diaphragm at the same time, as advocated by Smith- 
wick,^ IS perhaps the most widely used procedure , also popular at several large 
clinics IS a more extensive excision, first advised by Crimson ® Although the 
advocates of each operation believe in the supenonty of the procedure of their 
preference, it is my belief that probably all operations accomplish the one 
essential — denervation of the adrenals Widespread deneiwation increases the 
postural hypotension, however, there is no pi oof that this manifestation indi- 
cates benefit to the patient This sequel to operation usuallj disappears within 
one year, yet three of our patients still har^e a small diminution in pressure in 
the erect position after three years Some advocates of wide excision of the 

* Read before the Southern Surgical Association, White Sulphur Springs, W Va , 
December 9, 1948 
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s} mpatlietics maintain that the late elevation of blood pressure always is due 
to regeneiation of these neives Although this may occur, the renewed high 
le\els are probably moie often a manifestation of the piogiessive changes in 
the ^ascular s}stem vhich aie taking place Certainly little proof that regen- 
eration is the cause has accumulated 

It has long been kno\s n that some hypertensive patients live comfortably 
vith the disease for many years Peieia® recently pointed out, after following 
a large gioup of patients for years, that theie is no constant con elation between 
a persistently high blood pressure and those complications which are usually 
regarded as following m its wake Oui ignoiance of the fundamental path- 
ologic process makes exact classification difficult, yet this is necessary if we 
are to predict the course of the disease in the individual patient In order to 
do this, we must know the type of hypertension being operated upon and what 
can be expected if operation is w ithheld At piesent, we must content ourselves 
V ith generahrations 

It IS recognired that the prognosis in malignant hypertension is poor, 
regardless of tieatment, and indeed, theie are those who maintain that 
sympathectomy has little effect in prolonging life when this condition prevails 
On the other hand, other surgeons claim lesults which, though not brilliant, 
are considered v orthw bile ® The same difficulty with classification is encoun- 
tered A\hen milder, less progressne disease is present, in fact, the future of 
these patients is less pi edictable than it is in the more severe types The obvious 
need for a bettei selection of patients for surgical treatment has initiated 
investigations legaiding blood pressuie chaiacteri sties,® effects of caudal anes- 
thesia,^® spinal anesthesia and development of clinical rules We utilize high 
spinal anesthesia and the Sodium Amytal test routinely but have not been 
greatly impressed v ith their prognostic value 

The difficulties in comparing the results obtained m analogous senes, one 
treated surgically and the other medically, are illustrated by reports of Keith, 
Wagener and Barkei Peet®’ ® and Flaxman The latter, who studied 244 
patients fulfilling Feet’s requirements for operation, noted that there were as 
many of his medically treated patients alive at the end of five years as there 
vere m Peet’s series of patients who had splanchnicectomy Again, Peet 
reported 21 per cent of 143 patients with malignant hypertension treated by 
splanchnic resection alive at the end of five years, whereas m the Wagener- 
Keith series onl}’’ one of 146 patients was living after five years of medical 
treatment Some of these discrepancies probably depend on the variations in 
classification of the disease currently in use Hence, it would be a distinct step 
in advance if a responsible professional body formulated an acceptable classi- 
fication of h} pertension which would be exact enough to permit comparison of 
patients treated by various methods 

Our own experience consists of 105 patients with li} pertension who had 
bilateral thoracolumbar sympathectomy and splanchnicectomy prior to October, 
1947 (Table I) The sympathetic chain and splanchnics were removed from 
the level of the seventh thoracic vertebra down to the third lumbar ganglion 
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Sixteen other patients were excluded because either a nephrectomy also was 
performed or only unilateral sympathectomy was done In each instance a 
careful study was made by our medical department and no patient was operated 
on who did not have symptoms and unmistakable evidence of progressive 
hypertensive disease The youngest patient was 21 years of age and only 
three were 50 years or more Heart failure and urea clearance of less than 
50 per cent were considered contraindications to operation Several patients 
had had cerebral vascular accidents In reality, selection is based largely on 
the extent of the organic disease and resulting damage to the cardiovascular 
system and kidneys Hence, the rules should not be too rigid except beyond 
certain limits This is illustrated by our oldest patient, a man of 59 years, who 
had only moderate organic changes Even though he had severe hypertension 
and incapacitating symptoms, the results of sympathectomy were excellent 

Table I — Classification of 105 Cases of Essential Hypertension Tieated bv Sympathectomy 



Cases 

Per Cent 

Group I 

8 

7 6 

Group II 

63 

60 0 

Group III 

34 

32 4 

Total 

105 

100 0 


The cases were classified into three groups Group I consisted of young 
pel sons with somewhat variable hypertension, little cardiovascular disease, 
normal renal function and minimal retinal changes and symptoms Group II 
usually included older persons with progressive hypertension, definite cardio- 
vascular disease, often some reduction m renal function and moderate to 


Table II — Blood Prcssin e Response of Follozved Patients m Gi oup I 
Aveiage Preopeiative Blood Pressure 176/112 



Blood Pressure m Mm /Hg 

Years Postoperative 

Case 

1 

2 

3 

1 

155-100 

180-100 

170-120 

2 

190-110 

190-110 


3 

140-90 

160-110 


4 

140-94 

150-90 

150-90 

5 

150-90 

150-100 


6 

160-105 

140-90 



severe retinal changes and symptoms In Group III the patients had a fixed 
diastolic pressure above 140 millimeters of mercury, cardiovascular disease, 
reduction in renal function, severe retinal changes and acute symptoms 

There were four postoperative deaths in the entire series Data on the 
patients’ course after operation were obtained by follow-up examinations 
which usually included an electrocardiogram, urea clearance test and exam- 
ination of the optic fundus 

It IS believed the principal interests of this study are the results obtained 
at the end of one year This period is admittedly too short for a comprehensive 
evaluation, but it is generally conceded that the results become less favorable 
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with the passage of lime and hence the optimum should be i cached about one 
year after operation B} establishing such a }aidstick, the information thus 
obtained might profitably be compared ^\ ith data embracing longer pei lods. 

There were eight patients (76 pei cent) in Gioup I, tw'o of wdiom could 
not be traced As shown in Table II, in only tw'o patients could the blood 
pressure be considered noimal one }cai aftei opeiation Two other patients 
obtained little reduction in blood jnessuie At the end of tw^o yeais, again only 
tw 0 had pressures that could he considei ed normal There w^ei e no deaths in 
this group and all patients ohtained satisfactor\ symptomatic relief 


Tmiii III — FoUou’cd Paheni'f 111 Gioup II 

1 ollow llj, 

1 vr 

2 vr 

3yr 

1 ivniR 

40 

18 

8 

Rend 

3* 

0 

0 

Tolnl 

43 

18 

8 

Per cent of piticntb followed who ire li\inR 

93 

85 

72 

* 2 were po'itoi)eriti% e dLith"! 





Gioup II contained 63 patients, only 40 of whom were followed for one 
}ear (Table III) There were two postoperative deaths and only one other 
death during the year We are not awaie of any deaths in the second and 
third }ears, but the number of patients followed becomes smaller and more 
time wall be required to evaluate this group over a longer span In only 40 
per cent of the patients w'as the blood pressure response good at the end of the 


Table IV — Results tu 40 Patients m Gioup II Polloivcd One Ycai 


Cases 

Per Cent 

Blood pressure response 

Good (ilmost normal or normal) 

16 

40 

Fair (reduction but levels definitely abnormal) 

12 

30 

Poor (little significant reduction) 

12 

30 

Definite improvement in retinal changes 

12 

30 

Definite improvement in cardiac status 

14 

35 


first year, but most of these still had manometiic readings which must be con- 
sidered abnormal (Table IV) Twelve (30 per cent) had a definite reduction 
m blood pressure but the levels remained abnormally high Another 12 (30 per 
cent) were little improved from this standpoint Of the 40 patients, 12 exhib- 
ited definite improvement in the letinal changes and 14 showed unmistakable 
improvement in the cardiac status 

There were 34 patients (32 per cent) having malignant hypertension 
(Group III), of whom 28 have been followed for one year (Table V) Six of 
these died, two of them postoperatively Although 78 per cent of the patients 
followed were alive at the end of one year, this figure w^as reduced to 23 per cent 
at the end of three years Of the 22 alive at the end of the first year, only two 
had near normal blood pressures, but seven had obtained a fair response (Table 
VI) Six of the 22 showed improvement m retinal changes 
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The symptoms accompanying hypertension do not always bear a relationship 
to the height of the blood pressure This is true both before and after oper- 
ation In our patients, symptoms were relieved in over 8o per cent of the 
patients even though at times there was not a concomitant fall in blood pres- 
sure Many observers have described improvement in renal function following 
sympathectomy, thus, Peet^ claimed that “45 per cent of the patients with 
abnormal uiea clearance have returned to normal and 44 per cent with 
impaired water concenti ation have maiked improvement” Similar improve- 
ment in our patients was not evident 

Reports now available reveal numerous discrepancies when compared with 
our experience Again, Peet^ stated that 20 3 per cent of his living patients 


Table V — FoUozved Patients in 

Group III 

Follow up 

lyr 

2 yr 3 yr 

Living 

22 

9 3 

Dead 

6* 

3 1 

Total 

28 

12 4 

Per cent of patients followed who are li\ ing 
* 2 were postoperative deaths 

78 

SO 23 


have maintained normal blood pressures following splanchnicectomy for five to 
twelve years, wheieas Smithwick*’ noted improvement in blood pressure in 
66 per cent of a large senes followed for one to five years A comparison of 
these results with our experience makes it clear that our results at the end 
of one year are less satisfactory even though the operation was adequate 
according to the critena of both Peet and Smithwick Numerous other reports 
could be cited to illustiate the diverse interpretations of the results following 
sympathectomy 


Table VI — Results in 22 Patients in Group III FoUozved One Year 

Cases 


Blood pressure response 

Good 2 

Fair 7 

Poor 1 1 

Definite improvement in retinal clianges 6 


SUMMARY 

A more exact and unifoim classification for hypei tension obviously is 
needed to enable a better selection of patients as well as to allow a better inter- 
pretation of the results We have been inteiested particularly in the results 
after one year because it is believed that these represent the optimum and 
therefore, the}'^ can be used as criteria for measuring remote end results 

The present study confirms the ability of sympathectomy to relieve hyper- 
tensive symptoms m more than 8o per cent of well-selected patients Oui 
experience has not provided a definite answer as to whether life is prolonged 
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Tiic opcialion is piobabl) jiisliliablc foi icbef of symptoms alone, although 
it IS oin imjnession th.it many of the patients having sympathectomy live 
longei than thc_\ would ha^c if opeiation had not been peifoimcd 
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Hjpertcnsion Surgery, 24 469, 194S 
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’3 Flaxman, N Treatment of Hypertension , Comparison of Mortality m Medically and 
Surgically Treated Cases Ann Int Med, 20 120, 1944 


Discussion — Dr WiNcnrLi, McK Craig, Rochester, Mum Doctor Grimson and 
Doctor Pcnick have brought us up to date with regard to the surgical treatment of hyper- 
tension, which I attempted to do before this group two years ago Although Doctor 
Grimson presented an excellent argument for total sympathectomy, I still wonder 
whether this is not a pretty radical procedure for some of the patients suffering from 
hypertension and whether we should not reserve it for a special group 

Some of us who have been performing surgical operations for hypertension for a 
period of years have had a tendency to think of progressive hypertension very much as 
we do other types of malignancy , that is, that any patient who has hypertension which 
fails to respond to medical measures and progresses should have surgery However, it 
our follow-up studies have been of any value, they indicate that some patients who have 
the more advanced hypertension have irreversible changes which cannot be altered by 
surgery Although it is true that in some cases m the early stages remissions may occur, 
m the group of cases which we have followed, in which hypertension Groups II or ill 
has developed in a short period, the hypertension can be controlled by surgical procedures 
It IS controlled from the standpoint of blood pressure and appearances of the fundi, as 
well as alleviation of symptoms 

So many factors are present in the etiology of progressive hypertension that we 
must recognize the disease in its early stages if we expect to approxima e ® ^ 

cures obtained by the surgical treatment of malignant lesions We canno , 

fact that Ayman pointed out a definite hereditary factor, which has been 
Hines and Brown, and that entire families with a bad heredity have hypertension 1 P 
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of all types of treatment Theie is no question but tliat surgical procedures in this group 
have changed the prognosis in a certain number of cases and these results have been 
obtained 'with a less radical procedure than is outlined by Doctor Crimson 

I think we are all interested in this problem from the standpoint of a minimal 
amount of surgery for a maximal amount of benefit If total sympathectomy is indicated 
in a certain group of cases and it can be proved that these patients are comfortable, are 
able to return to work and enjoy life m general, then it can be endorsed If, on the 
other hand, some of the patients are not comfortable or able to return to gainful occupa- 
tions, even though the blood pressure is lowered, the question will remain in some of our 
minds as to whether a less radical procedure would not have served the purpose 

The physiologic effect of the removal of all or a portion of the sympathetic nervous 
system needs to be evaluated, not only from the standpoint of the effect on the blood 
pressure but the over-all picture of the disease, and it is such reports as we have heard 
today which help us to evaluate the treatment of hypertension by surgery on the sympa- 
thetic nervous system 

Dr Franic H Lahey, Boston I always feel embarrassed in discussing papers on 
hypertension because I do not know anything about it As I said when I discussed Doctor 
Craig’s paper last year, it does seem that this is so important that all data available 
should be presented in order that we may have as much information as possible upon 
which to make decisions as to the value of the principles involved in the surgical treat- 
ment of hypertension, and in evaluating methods Doctor Poppen presented me with 
figures from the Clinic in which it has been possible to compare the results in too cases, 
as I reported two years ago for him, report on which was published by Doctor Poppen 
and Doctor Lemmon in the Journal of the American Medical Association In these cases 
the resections w'ere from the tenth thoracic through the second lumbar, and from the 
sixth thoracic to the second lumbar This group can now' be compared with 275 cases in 
which all the resections w'ere from the fourth thoracic through the second and third 
lumbar These cases have been followed by Doctor Evans and Doctor Bartels m the 
medical department, and it w'lll be of interest, particularly in the light of these two 
papers, to present the comparison of some of the results in the latter group of cases 

We have also been interested, as w'e have w'atched these cases, to obser\e that the 
effects on patients with Group III hypertension (Keith-Wegener formula) have been 
striking in the degree of impiovement in the more extensive resections, as compared with 
less radical ones In the earlier group there was only 4 per cent definite improvement, as 
compared with 44 per cent in the latter group In Groups I and II it has been of interest 
to compare the groups While these figures are only approximate, I have ahvaj's remem- 
bered the report of the first group in terms of satisfactorjq fair, and unsatisfactory 

In the first group, satisfactory results were obtained in roughly 50 per cent, fair 
results in 25 per cent, and unsatisfactory results in 25 per cent The figures in the latter 
group have changed to 70 per cent satisfactory, 20 per cent fair, and only 10 per cent 
unsatisfactory Some of the other results have also been interesting In 15 patients with 
angina, 60 per cent w'ere relieved On the other hand, none of these had serious coronarj 
disease 

There was improvement in 42 per cent of 50 patients wdio had abnormal electrocardio- 
grams Renal function tests w'ere improved in 58 per cent of 55 patients who had had one or 
more impaired tests before operation Retinal vascular change improved in 66 per cent 
of 170 patients This should settle the question as to whether the more radical procedure 
should be done The mortality in the first group was o 5 per cent and in the second 
group IS still 05 per cent This is interesting because all, or practically all, have been 
done by one surgeon (J L P ) We should be loath to consider this type of operation, 
with its prolonged, uncomfortable convalescence, as a prophylactic operation for benign 
hypertension, but urge it on patients under the age of 50, with spastic, exudative and 
hemorrhagic retinal arterial changes, moderate cardiac damage and signs of early 
nephrosclerosis 
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I ha\c oltcn looked oxer Doctoi Poppen's ';houldci and have seen legeneration 
around the silxcr clips placed on ihe sxinpathctic ncives m prcxious operations in the 
hope that thex might retard the pi ogress oi rate o£ groxvth. It is true that the splanchnic 
usuallx originates at the sixth lex cl, and may m the fourth, and he feels because of this, 
that xxith rcinoxal at the fourth there is less likelihood of regeneration of the splanchnic 
branches 1 present ihc'-e figures so that they inaj be axailable to everyone 

Dr John Fxiion, Worcester, Mass During the adolescence of any operation, 
cspcciall} one so important as this, it seems advisable to accumulate quickly the scattered 
reports of complications, tiagcdies and other unexpected icsuits There is nothing I can 
, do to express mx gratitude to xoiir Association foi jour hospitality better than to tell 
jou about a patient xxliom I xxouUl rather forget 

Sonic xcars ago xxc had a patient xxho, folloxxmg the unexpectedly high climb of a 
spinal anesthetic had minor but pcrniaiicnt cfTects of cerebral anoxia That made us con- 
scious of the complications xxliieh might occur tionr hjpotcnsion during the operation 
for hjpertension Before starting to do sx mpatliectomies xxe tried various methods, 
reported and otherwise, of controlling temporarj hjpotcnsion, including a pressurized 
suit such as IS used bj axiators to prexent blackout In spite of this axx'areness we had a 
total paraplegia at the clevcntli dorsal in a patient aged 50 xxith sex ere malignant hyper- 
tension The operation xxas a Smitlnvick, the anesthesia nitrous oxide-ether, and she 
axxoke from the ancsthesn xvith a paraplegia which still persists The spinal fluid and its 
pressure xxcrc normal Was it an accident, xxas it a surgical error? If an accident, hoxv 
likelj IS It to occur xxith this operation’ We think it likely to be from temporary ischemia 
or thrombosis of xcsscE, especially the anterior spinal artery During operation this 
patient, xxhose xascular sjstcin xxas accustomed to a pressure of 300, had a pressure of 
less than 60 for sex oral minutes despite the infloxx of saline and blood, started before 
operation She xxas not subjected to any of the experimental methods xve have used to 
prexent hj’potcnsion, so these cannot be blamed 

Dr Keith S Crimson, Durham, N C (closing) The interest of the discussers is 
appreciated Sexcral haxe mentioned relationship of causes of hypertension to results of 
sj'mpathectomy We haxe postulated neurogenic mechanisms as an important initiating 
and perpetuating cause of clinical hypertension Results of near total sympathectomy as 
presented xxould seem to confirm this hypothesis at least for many of the patients treated 
There are, as described in the manuscript, several other important causes of hypertension 
that might not respond to surgery Persistence of these other etiologic factors might 
account for some of our failures 

Experiences with splanchnicectomy performed in another series hax'e been less satis- 
factory than those reported for near total sympathectomy These results agree with those 
for splanchnicectomy reported by Doctor Penick and xve agree with his statement that 
benefits obtained by this operation are often equivocal Doctor Craig has well stated 
that the problem of hypertension is large and that surgery is only one approach Sympa- 
thectomies are uncomfortable and temporarily disabling Also they are performed with 
some risk of operative mortality Even though mortality rates can be reduced and the 
proportion of good results increased by operating upon patients wuth milder forms of the 
disease as he suggested, we cannot agree with this practice It is our opinion that surgery 
IS not indicated for patients with mild hypertension and also that, by using near total 
sympathectomy, one may aid patients with more serious forms of the disease at an only 
slightly increased risk 

Doctor Lahey’s excellent report of results obtained by Doctor Poppen is very inter- 
esting His statistics would seem to indicate that extension of splanchnicectomy upward 
to include denervation of thoracic somatic segmental distribution as high as that supplied 
bv the fourth thoracic ganglia has improved results of splanchnicectomy From the 
physiologic point of view this seems improbable There are two explanations of improve- 
ment of results which should be evaluated One is that each time the technic of splanch- 
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nicectomy is changed, results early and perhaps temporary must be contrasted with the 
later results of the earlier series The second explanation is that most surgeons using 
splanchnicectomy have with increasing experience tended to limit their selections of 
patients to imlder forms of the disease Doctor Poppen’s excellent studies when reported 
m detail will undoubtedly evaluate these factors In the meanwhile, extension of his 
operation to include the remaining upper three ganglia and stellate would add thoracic and 
cerebral visceral denervation and interruption of adrenergic pathways to head, neck, 
shoulders, arms, and upper chest This would permit comparison of results of their then 
near total sympathectomy with results of their now extensive splanchnicectomy Such a 
comparison would be welcomed 

We are in entire agreement with Doctor Waldron that trial of different operations 
IS good Up to the present time each surgeon extending sympathectomy has continued 
using the more extensive denervation, and no one to my knowledge has reverted to the 
earlier more limited procedures 

Dr Fallon has described an instructive and important danger, that of hypotension 
during operations upon patients with cardiovascular disease Occurrence of shock during 
operation may cause irreparable damage to the central nervous system or the heart 
Marked reduction of blood pressure can be avoided by routinely using blood transfusions, 
intravenous fluids, and peripherally acting vasoconstrictors during operation Also, it is 
our opinion that use of the transthoracic approach rather than the posterior dissections 
through muscles of the back, markedly decreases the operative time and reduces trauma 
and blood loss, thus diminishing danger of surgical shock The transthoracic approach 
decreases magnitude of operation and at the same time permits better visualization of the 
sympathetic chain, and more extensive removal 
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PRESACIUL ENTEROGENOUS CYST* 

C. Lvrimore Perry, M D , and James W Merritt, Jr,, M D. 

Miami, Fiomda 

This paper presents a case of enteiogeiious cyst located in the piesacral 
area It is also our desire to piesent each case of histologically proved entero- 
genous cyst that has been reported m the literature as occurring below the 
peritoneal reflexion 

Enterogenous cyst is a term applied to congenital cysts 'ivhich have their 
origin from some portion of the digestive tube The literature is filled with 
reports of these cysts arising from the stomach and from the small and large 
bovel, but reports of cases involving the rectum are scant It is our desire 
to report only the cases that have arisen \ entral to the sacrum and below the 
peritoneal leflexion 

Ten reported cases that carry histologic pi oof of enteiic oiigin have been 
found in the literature To this number we wish to add the following case 
report 

CASE REPORT 

jMrs L L, a white woman age 33, consulted us on May 12, 1948, complaining of 
indigestion of two years' duration Her history was suggestive of duodenal ulcer Theie 
vas no complaint of any rectal difficulty, but in the course of physical examination a 
smooth, fluctuant tumor was felt posterior to the rectum and in close approximation to 
the coccj'x The tumor was slightly movable in all directions and was not excessively 
tender to pressure The finger, on rectal examination, could reach the dome of the tumor 
and Its size was estimated to be that of an English walnut Proctoscopic examination 
revealed only a smooth rectal wall over the tumor Air contrast roentgen-ray studies of 
the rectal ampulla shoived no tendency for the tumor to protrude into the posterior rectal 
wall Roentgen-ray studies of the sacrum revealed an indefinite soft tissue mass just 
ventral to the coccyx The tip of the coccyx was bent forward at a right angle from the 
lower sacral segment All laboratory examinations fell within normal limits except that 
stool examinations were positive for occult blood Roentgenographic visualization of a 
duodenal ulcer confirmed a typical ulcer history 

She was placed on medical management for the ulcer, and the systemic response 
was rapid During the course of her early ulcer management we had time to become 
familiar with lesions occurring in the presacral area by study of the literature A case 
report by McLanahan and Stone^ made the tentative diagnosis of enterogenous cyst 
tenable m our case The patient readily agreed to the removal of the tumor Because 
of the close approximation of the tumor to the posterior rectal wall, it was thought wise 
to administer sulfasuxadine for ten days prior to surgery 

OPERATION 

^ On June 8, 1948, the tumor was removed through a postenoi three inch midhne 
incision from the anus to the coccyx It was necessary to remove the distal segments of 
the coccyx to uncover the tumor in its entirety With a finger against the tumor from 
the inside of the rectum, the mass was dissected free from its attachment to the posterior 
rectal wall, and after enucleation, the gloved finger could be seen clearly through the 
bowel mucosa No tissue being available for obliteration of the space occupied by the 

* Read before the Southern Surgical Association, White Sulphur Springs, W Va , 
December 9, 1948 


881 


PERRY AND MERRITT 


Annals of Surgery 
June 1949 


tiunor, the wound was dusted with sulfathiazole and a soft rubber drain inserted beneath 
the skin Drainage persisted for ten days, when healing became complete 

PATHOLOGIC DIAGNOSIS 

Gross Examination The specimen consisted of a well-encapsulated, thin-walled cyst 
measuring x i]E4 centimeters Cut section revealed the cyst to be filled with thick, 
mucoid material The wall was lined with a pink, soft, mucosalike tissue and measured 
o 2 centimeters in thickness 

Microscopic Examination Sections were made from many different areas of the cyst, 
and were stained with hematoxyhn-eosin, azocarmin and mucicarmin, respectively 



Fig I — Gross appearance of the enterogenous cyst 


Sections stained with hematoxyhn-eosin showed the cyst wall as built of the follow- 
ing layers an epithelial layer and a sub-epithelial layer, loosely arranged, contaming 
small vessels, cell formations like plasma cells, large mononuclear lymphocytes and 
wandering cells This layer was followed by two coats of tissue consisting mainly of 
smooth muscle layers In addition to these muscle layers, collagenous and reticular con- 
nective tissue were present, as indicated by azocarmin stain 

The outermost layers of the cyst were indistinct, and peritoneum could not be demon- 
stiated Between the outer and inner layers, we found bundles of nerves and in one 
instance a collection of ganglion cells By this description the tissue is that of intestinal 
wall if the epithelium presents the characteristic features of bowel mucosa Under normal 
conditions, the mucous membrane of the intestine consists of high columnar, mucus-secret- 
ing cells arranged to a certain pattern In our case, the covering epithelium also consisted 
of several layers of squamous or tiansitional epithelium The cells in the squamous area 
were in several layers, the lower one more columnar in type, while the uppermost layer 
showed a more balloonhke cytoplasm There were areas where this cell layer did not 
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consist of squamous epithelium but of mucus-producing columnat epithelium, pioved by 
the use of mucicarmm slam 

Stains with iron hematow hn and with mucitarmin prove furthermore the presence 
ot a cuticuium Cells of this t}pc arc met w'lth m the wdiole intestinal tract from the 
cardia to the anus 

Practicalh all la\cis charactciistic foi intestine w'ere demonstrable, namely, mucus- 
producing columnai epithelium, smooth muscle la) ers w ith vessels and nerves The pres- 
ence of squamous epithelium is attributed to the effect of metaplasia 

Diagnosis Enterogenous cyst 


Table I 


AtiUior 

Year 

\uthor s 
Dngttosis 

Pathologic 

Diagnosis 

Age and 
Sex 

Symptoms 

Treatment 

Middledorpf 

1885 

Cyst of postanal 
gut ongm 

Small loop of ves- 
tigial intestine 

1 yr, F 


Posterior excision by 
Kraske 

BiIIintMie 

1912 

Cjstof post vml 
gut origin email 
"irea of adeno- 

circinomt 

Cvst of intcstunl 
origin uitli early 
adenocarcinoma 

38 F 

Pam m left but- 
tock 

Posterior excision 

McL'inihiii 
md Stone 

191-1 

Presacral enter- 
ogenous cyst 

Enteric cyst 

48 r 

Lump in rectum 

Posterior excision 

McLamInn 
and Stone 

1954 

Presacral enter- 
ogenous cy St 

Enteric cyst 

1 mo 

M 

Vomiting and 
constipation 

Aspiration and sub- 
seciuent posterior ex- 
cision 

Tliomason. 

1934 

Cyst of postanal 
RUt 

Cyst of intestinal 
ongin 

34 F 

Pam, draining 

sinus 

Repeated posterior 
excision 

Raven 

1915 

Cyst of pO'-tanal 
gut 

Cyst lined with 
straUfied columnar 
and ciliated epithe- 
lium 

2^ mo , 

r 

Acute obstruc 
tion 

Demonstrated at 
autopsy 

Guis and 
Stout 

1938 

Cyst of vestigial 
gut 

Cy-^t of intestinal 
ongm 

26 F 

Pam and press- 
ure m rectum 

Intrarectal marsupi- 
alization 

Gill!, and 
Stout 

1938 

Cyst of vestigial 
gut 

C>st of mtestmai 
origin 

36 F 

None found on 
routine exam 

Posterior excision 

Ladd and 
Gross 

1940 

Duplication of 
rectum 

Cyst of intestinal 
origin with mixed 
mucosa 

6 mo , F 

Recurrent ob- 
struction 

Repeated aspiration 
and subsequent pos- 
terior excision 

Custer, et al 

194(5 

Enterogenous 
cyst involving 
rectum 

Enterogenous cyst 

29 M 

Symptoms of 
bladder pressure 

Excision by laparot- 
omy 


REVIEW OP LITER 4.TURE 

We have been able to find ten cases of histologically proven presacral 
enterogenous cysts reported in the literature (Table I) 

Middledorpf/ in 1885, was the first to describe a presacral cyst of intestin 
origin The patient u as a one-year-old female, and when the cyst was remov 
by Kraske, it was found microscopically to have all the structure of mtesti 
wall Diagnosis cyst of postanal gut origin 
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In 1932, Ballantyne^ reported a presacral cyst in a female of 38 years 
The cyst contained 475 cc of fluid and was removed by posterior excision 
Micioscopically, the cyst was lined with columnar epithelium Goblet cells 
secreting mucin were present Theie was a small area showing adenocarci- 
noma Diagnosis cyst of postanal gut with area of adenocarcinoma 

In 1934, McLanahan and Stone^ described two cases of piesacral entero- 
genous cyst The first case was a woman of 48 years who complained of a lump 
m the rectum which at times would protrude from the anus but was easily 
reduced Digital examination revealed a small cystic mass lying about two 
inches within the anal orifice and situated between the posterior wall of the 



- — Low power microphotograph of cyst wall demonstrating the different layers of 
epithelium, subepithelium, and muscularis 


rectum and the coccyx The mass was about the size of a walnut, was fluc- 
tuant, freely movable and not tender Doctor Stone lemoved the tumor by 
posterior excision after the coccyx was lesected The mass was dissected from 
the postenor rectal wall, to which it was closely attached Microscopic exam- 
ination of the C3fst wall showed tall columnar epithelium of mucus-secreting 
type The submucosa was composed of longitudinal and circular muscular 
layers covered by a layer of serosa Diagnosis enteric cyst 

The second case reported by McLanahan and Stone was in a one-month-old 
male infant with intestinal obstruction from a mass filling the rectum The 
mass was thought to be an intussusception, but on exploration of the abdominal 
cavity, a fluctuant mass the size of a golf ball was found below the peritoneal 
reflexion The abdominal wound was closed, and on the following day the 
tumor was aspirated b}^ needle entering the skin one inch to the right of the 
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posterior maigui of the anus Twenty-five cc of cloudy fluid were withdrawn, 
and the obstruction was temporal ily relieved The cyst was aspirated on five 
occasions m the next month, and the condition of the baby so improved that 
posterioi excision of the cyst was performed The micioscopic sections showed 
a well-defined mucosa lined with columnar epithelium of mucus-secreting type 
The outer wall was composed of two circular and longitudinal muscle layers 
covered b}- serosa Diagnosis enteric cyst 

Thomason, in 1934, reported a case of sacro-coccygeal cyst of the postanal 
gut His patient was a 34-year-old woman with a draining sinus near the tip 
of the coccyx which had been present since a mass in that area was incised and 
drained several years before The sinus tract and the C5fst were lemoved by 
posterioi excision Microscopic examination showed the wall of the cyst to be 
made up of columnar epithelium of the mucus-secreting type, Peyer’s patches 
and two la} ers of smooth muscle Diagnosis postanal gut cyst 

Raven’s" case, repoited in 1935, was a 2^-month-old female wdio w'as 
acutely obstructed by a letio-rectal cyst The condition was thought to be an 
intussusception, and laparotomy was perfoimed At autops)’- the mass w'as 
removed and microscopic sections show'ed the cyst to be lined with several 
layers ot epithelium, the inneimost being ciliated columnar epithelium Diag- 
nosis cyst of postanal gut 

Guis and Stout® repoited two cases in 1938 The first w'as a 26-year-old 
female who complained of lectal pain and pressure A palpable mass posterior 
to the lectuni w^as thought to be an abscess An intrarectal incision was made 
and the tumor w^all marstipialized from wuthin after removing a part of the 
w^all Pathologic examination showed stratified and columnar epithelium wnth 
mucin secretion and smooth muscle layeis Diagnosis cyst of vestigial gut 
origin 

The second case of Guis and Stout® w^as a 36-year-old female wuth a cyst 
in the postero-lateial rectal wall found on routine rectal examination Posterior 
excision of the cyst was done and the pathologic examination show ed smooth 
muscle and a mucosa i\hich was composed of stratified squamous and ciliated 
coliimnai epithelium tending to form glands Mucin was present Diagnosis 
cyst of vestigial gut 01 igin 

Ladd and Gioss^ repoited one case in 1940 They prefer the term “dupli- 
cation of a part of the alimentary canal, ’ but also use the term enteiogenous 
cyst Their patient w^as a female, age 6 months, wdio had recurrent bow^el 
obstruction due to a piesacral mass This tumor was removed by posterior 
excision The sections of the cyst w^all show'ed mucosa, submucosa and the 
muscle layers charactei istic of intestine The mucosa show^ed mixed types of 
glands, some of colon and some of gastric type Diagnosis duplication of 
rectum 

Custer, Kellner and Escue® report one case m 1946 Their patient w^as a 
29-vear-old man complaining of pressure in the pelvis, epigastric pain and a 
decrease in urinary bladder capacity Rectal examination disclosed a cystic 
mass which filled the pelvis This mass w^as removed through a low inidline 
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incision Its attachment was to the anterior lectal wall Pathologic examina- 
tion showed the c)st ^^all to he made up of tall columnar mucus-secreting 
epithelium and a well-defined la>ei of smooth muscle Diagnosis entero- 
genous cyst 

ETIOLOGY 

Thiee theoiies ha\e been advanced to explain the piesence of entero- 
genous C}St 

Middledorpf/ m leporting his case of enterogenous retro-iectal cyst in 
1885, tlie origin of the cyst was m the vestigial postanal gut Five of 

the other authois lepoitmg then cases chose to believe that this theory best 
explains the piesence of the C3st in the midlme between the coccyx and 
the rectum 

The dneiticular theoi) of C3St origin is based on the work of Lewis and 
Tlnng,^ Nvho demonstiated that diverticuli occur frequentty in all portions of 
the digestne tube of the embi3m These may become occluded at the neck and 
the C3 st results 

A third theor3q known as the sequestiation theory, suggests that a group of 
cells becomes pinched oft" from the piimordial intestinal tube and undergoes 
subsequent development outside the lumen of the intestine 

PATHOLOGY 

Although the term “enterogenous” or “enteric” cyst has become accepted 
wdien applied to these tumors, they are peihaps more accurately named “dupli- 
cations of the ahmentar3’’ tract” as suggested by Ladd and Gross '' Their term 
IS actually the requirement for pathologic diagnosis of these cysts 

As Ewang'^” pointed out, the most variable component is usually the mucosal 
lining, which ma3f show' C3dmdrical, cuboidal, stratified or flat epithelium The 
degree of tension within the C3'st, together with the amount of inflammator3' 
reaction, produce man3’- variations in the type of mucosa Ladd and Gross," 
m reporting their case of presacral cyst, pointed out that the mucosa ma3'- be 
t3'pical of that segment of the bowel to wdiich it is adjacent or it may be typical 
of some bow'el segment far removed from the cyst The mucosa ma3'’ be mixed, 
as m their case, showung large bow'el and gastric mucosa 

The presence of intestinal mucosa, smooth muscle layers, nerve bundl 
and serosa establish the origin of the cyst to be enteric The serosal layer 1 
usually absent w'hen the cyst is presacrally located 

TREATMENT 

The treatment in reported cases has been aspiration, incision and drainage 
through the rectum, marsupialization and removal by inti a-abdominal approach 
or posterior excision All authors advise removal as a necessity in some cases 
and as a guard against malignant degeneration The removal of the C3’'st usualh 
can be accomplished by the removal of the cocc3'x in a posterior approach 

W e wish to acknowledge our indebtedness to Dr Phillip R Rezek for the 
pathologic report in this case 
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Discussion — Dr G V Brindley, Temple, Texas I am sure all of j'ou have 
enjoyed this excellent paper, for it is a most interesting presentation of one of the infre- 
quent tumors which originate m and ventral to the sacrum The caudal area is the location 
for many pathologic tjpes of cysts, tumor, sinuses and fistulas which usuallv arise from 
vestigial embryonic tissue 

Some seven years ago, within a period of 14 months I encountered three neoplasms 
which originated ventral to the sacrum It was my prnilege to present these cases before 
this Association four years ago One of these growths was a chordoma, another was an 
ependjmal cell glioma, and the third was a large dermoid cyst Since statistical data 
show that most patients vith chordoma do not remain well, it was believed that it prob- 
ably would be of interest to report at this time that the patient who had the chordoma is 
well and apparently free of disease It is now eight years since the neoplasm was 
removed 

May I mention three facts worthy of emphasis pertaining to tumors of this region 
'The first is that diagnosis of most of these neoplasms depends upon a careful vaginal 
I /or rectal examination Certainlv no physical examination is complete unless these 
umations are performed Another fact deserving comment is that these tumors are 
J only by complete lemoval To attempt to core a C3'st of this region bj' incision and 
ainage usually results in secondary infection and a persisting sinus Furthermore, 
adequate exposure is essential for removal of these lesions The complete excision of a 
growth of this region is facilitated by the proper approach, which is obtained by an incision 
over the sacrum and coccyx extending to near the anus The patient should usuallv be in 
the Kraske position The coccyx and as much of the sacrum below the sacroiliac articu- 
lation as is necessary for adequate exposure of the neoplasm sliould be removed, together 
with the muscles and nerves of this region 

It should be appreciated that the segment of the sacrum below the sacroiliac artic- 
ulation, together with the coccyx and all the sacral nerves except the first and second 
can be removed without severe disability being incurred by the patient 
Again let me congratulate the essayist upon this fine presentation 

Dr Harvey Stone, Baltimore I want to thank Doctor Perry for putting this case 
in the record, because it seems to me that, in view of his study of the literature to date, 
anyone encountering such a condition as this should record it, because of our scanty infor- 
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mation about these cj'sts At the same time, I feel sine that his finding only ii such 
tumors m the literature bears no leal i elationship to the frequency of occurrence, because 
there must be main cases unrccoiclcd While the total figuies involved are too small to 
be of statistical significance, it is remarkable that of ii, nine were m females Whether 
that means anything I am not piepaicd to say Four patients presented themselves with 
symptoms of intestinal obstruction, of greater or less degree This is highly significant, 
it means that the tumor must have slowly grown to a size that made it mechanically 
obstructive over a consideiable period of time, ordinarily these tumors do not cause 
obstruction 

I n'ant to repeat what was said about the surgical approach I feel first that complete 
removal is the onK satisfactory treatment Second, that the proper approach is from 
below and behind, with a \ertical incision posterior to the anus, with removal not of the 
coccyx alone but of a sufficient amount of the sacral body to get adequate exposure of the 
tumor The amount to be removed is to be determined by the size of the mass And, 
finally, it is important in doing the operation not to perforate into the rectum and not to 
damage the sphincter 


ANNOUNCEMENT 

Beginning with the first issue of Volume 130 of the Annals or Surgery, 
July, 1949, the Editorial Board plans to publish signed editorials m each 
monthly issue The editorials wall be written (to begin wath) by members of 
the Editorial or Advisoiy Boards These editorials are not intended to be 
summaries of recent advances in surgery, nor are they intended to be short 
original articles on scientific subjects They will, rather, express the opinions 
of the authors on matters of general interest to the surgical profession which 
do not ordinarily appear in scientific articles 

John H Gibbon, Jr , M D , 

Chmiman, Editoual Boaid 
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